BULLETINS 
OF 


AMERICAN PALEONTOLOGY 


Vol. 1 


No. 43 


THE FAUNAS OF THE CAMBRIAN PARADOXIDES 
BEDS AT MANUELS, NEWFOUNDLAND 


(Princeton University Contribution to the Geology of Newfoundland — No. 7) 


BY B. F. HOWELL 


A dissertation presented to the Faculty of Princeton University 
in candidacy for the degree of Doctor of Philosophy 


November 11, 1925 


Harris Co: 
Cornell University, Ithaca, N. Y. 
U.25s A: 


CONTENTS 


I. Introduction and acknowledgments 
II. Previous work and literature 
III. General geology of the region about Mantels) 5 
IV. General description of the whole Cambrian section at 
Manuels . 
V. Detailed description of ihe Paridoxides. beds expused 
in the Valley of Manuels Brook . 
Stratigraphical and faunal succession of the Pare 
doxides beds exposed in the valley of Manuels 
Brook 8 
Discussion of the stratigraphy : 
Discussion of the character and occurrence of the 
faunas : 
Distribution of foscila necavdinte to hitholowical ohare 
acters of beds 
Importance of Agnostids in pene Patadoxides func 
VI. Description of the new species from the Paradoxides 
beds at Manuels 
VII. Correlation . 
Comparison of ine Parsaorides Saunas of Manuele 
with those of: 
Braintree, Massachusetts 
Vermont 
New Brunswick aa Cape Bietan 
Great Britain 
Scandinavia . 
Summary 
Bibliography 


PAGE 

9-10 
11-18 
19-23 
24-27 
28-72 
35-66 
57-64 
64-66 


67-72 
72-73 


73-94 
95-133 


. 103-106 
. 106-107 
. 108-109 
. 117-124 
. 125-132 
. 1383-134 
. 134-140 


Digitized by the Internet Archive 
in 2024 


https://archive.org/details/bulletins-of-american-paleontology_1925-11-11_11_43 


= - 
See Set a 
Sere sey, 


oe 
s 


ky 
By 


i Ae 


- 
= 


(¢z-61 ‘dd 39g) ‘dem utem 343 Aq pataaco vare aq} Jo WOT}eO0T 
ay} smoys dew poyiesur [[ems ayy = ‘sjanueyy ynoqe Adojoos8 [es1oues say} Surmoys dey “I ANADIA 


904 4X YOULUpy we paseq 2uy/7S 005 


TNOLAUG Bdivd 


TANI es 
~ 


usiiqiuiap-ox7 [| Se, es E : eS 
——_————————— sallw ysijbuZ ui ajoor@ 
uerneques (ID 


SHON VAT 
212791A0psQ = 


inosy 
GNADA'T NOIDHU » ANOTOND 


I. INTRODUCTION AND ACKNOWLEDGMENTS 


The Paradoxides beds of the famous Cambrian section 
at Manuels, Newfoundland, whose stratigraphical and 
faunal succession are described in this paper, are of unusual 
interest because a large proportion of the many species of 
fossils which they contain are found also in the contempo- 
raneous beds of northwestern Europe. 

The description of the beds here presented is based on 


field work done at Manuels by members of four geological 
expeditions from Princeton University, and on laboratory 


studies pursued by the writer at that university and other 
institutions in eastern North America. 

The writer makes grateful acknowledgment of the en- 
couragement and financial support that have been extended 
to him in this research by the Department of Geology and 
the Graduate School of Princeton University, and tenders 
his sincere thanks to the many friends who have placed 
information or collections at his disposal or have assisted 
him in the field. He is indebted to Dr. A. O. Hayes, Profes- 
sor N. C. Dale, of Hamilton College, and Professor A. F. 
Buddington, of Princeton, for data collected by them while 
members of the Princeton field parties in Newfoundland, to 
Professor A. H. Phillips, of Princeton, for numerous chemi- 
cal analyses and mineralogical determinations, and to 
Dr. E. C. Cairnes, lately Fellow in Geology in the same insti- 
tution, for drawing and lettering his maps. Professor Gil- 
bert D. Harris, of Cornell University, loaned him the Hartt 
Collection from the Paradoxides beds of New Brunswick; 
Professor Percy E. Raymond, of Harvard University, and 
Professors Charles W. Brown and Richard M. Field, of 
Brown University, afforded facilities for the examination of 
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collections in their care and loaned fossils from Newfound- 
land and New Brunswick and Professor Raymond con- 
ducted him to the famous Paradoxides harlani quarry at 
Braintree, Massachusetts, and assisted in obtaining a col- 
lection from there. Mr. James P. Howley, the late director 
of the Geological Survey of Newfoundland, opened the New- 
foundland Survey’s Cambrian collections for his examina- 
tion; Professor W. A. Parks allowed him to study the Mat- 
thew Collection of New Brunswick and Newfoundland 
types in the Royal Ontario Museum of Paleontology; and 
Dr. Charles D. Walcott gave permission to examine the won- 
derful series of specimens from the Paradoxides beds of 
many countries that he has gathered together at Washing- 
ton. The late Dr. G. F. Matthew and Mr. William McIntosh, 
of St. John, guided him to a number of the Cambrian locali- 
ties in southern New Brunswick, and presented a valuable 
collection of fossils. Professor George H. Perkins supplied 
information about the Cambrian of Vermont; Mr. L. D. 
Burling furnished a list of the species from the Paradoxides 
beds of Newfoundland and eastern Canada that are repre- 
sented in the collections of the Canadian Geological Survey; 
and Dr. Charles E. Resser, of the United States National 
Museum, provided much valuable information, especially 
about Cambrian bibliography. 

Most of all, the writer desires to express his apprecia- 
tion to his wife, for her constant encouragement, helpful 
criticism, and efficient aid in the field and laboratory; and to 
Professor Gilbert vanIngen, of Princeton, for the use of his 
large library, assistance in the preparation of the photo- 
graphic illustrations, and a great deal if invaluable guidance 
and advice. 


II PARADOXIDES SECTION LI 


II. PREVIOUS WORK AND LITERATURE 


J. B. Jukes, who made the earliest official geological 
survey of Newfoundland and was probably the first man to 
study and classify the rocks of the Conception Bay region, 
noted the presence of shales at Manuels, and referred them 
_ to the “Belle Isle” division of his “Upper Slate Formation.”’* 
(See column I of Table I, p. 12.) He found no fossils in 
these shales, and therefore could not determine their age. 
He judged from their appearance that they were very old, 
although he knew from their stratigraphic position that 
they were younger than most of the other rocks of the dis- 
trict. (Jukes, 1842, vol. Il, pp. 245, 249, 275, 329: 1843, 
pp. 51, 55, 31, 135, and map.) 

Alexander Murray, who was the first director of the 
second official Newfoundland survey, appears to have been 
the next geologist to work at Manuels. The first published 
result of his investigations was probably incorporated in 
Logan’s “Geological Map of Canada,” which appeared in 
1865, and in which the beds at Manuels were mapped as 
belonging in the ‘‘Calciferous” division of his ‘Lower 
Silurian” “Quebec group” (Logan, 1865, p. 15, pl. 1). The 
next reference to the beds at that locality was in Murray’s 
report of progress for 1866 (Murray and Howley, 188la, 
p. 75) in which Murray stated that a “‘very good section of 
the more recent formation” (Jukes’ “Upper Slate Forma- 
tion’) was exposed “on Manuels”;+ Brook, at Topsail Head, 
and at Kelly’s Island.” He wrote that “the obscurity or 
absence of organic remains” rendered it “unadvisable to 
express too decided an opinion” as to the age of this “forma- 


* All terms and statements included in quotation marks in the 
present paper are quoted verbatim from other authors, and are used 
sn the sense in which those authors used them. 


+ Various spellings of Manuels occur in geological literature. The 
spelling employed in the present paper is the one that was used by 
Mr. Howley on the 1907 official geological map of Newfoundland. 
(Howley, 1907.) 
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tion”; but added, in a foot-note, that a fossil, which 
appeared to be of earliest “Silurian” age, had been dis- 
covered in its upper beds. In his report for 1868 he pre- 
sented a hypothetical section of the ‘Lower Silurian (Pots- 
dam)” strata of the Conception Bay basin, showing the 
beds arranged in what he thought was probably nearly their 
true order (Murray and Howley, 188la, pp. 156, 157, and 
plate facing p. 160) ; and in his report for 1870, he included 
a generalized composite section of all of the “Primordial 
Silurian” strata of southeastern Newfoundland that he and 
his then assistant, Mr. J. P. Howley, had discovered up to 
that time (Murray and Howley, 1881a, pp. 237-239). Sum- 
maries of these sections are given in columns 2 and 3 of 
Table I of the present paper. 

Murray included the beds at Manuels in both his 1868 
and his 1870 “Silurian” sections, but he had never succeeded 
in finding any fossils in them, and was therefore not certain 
that his estimate of their age was correct. In 1874 he 
arranged to have T. C. Weston, then collector for the 
Canadian Geological Survey, visit Manuels and make a 
thorough search for the needed paleontological evidence. 
Weston’s search was successful. He found fossils in the 
Paradoxides beds in the valley of Manuels Brook, and identi- 
fied the first one he discovered as a species of “Microdiscus” 
that was common in the Paradoxides beds of New Bruns- 
wick (Weston, 1896, p. 153). The fossils that he collected 
were apparently sent to Ottawa, for four years later J. F. 
Whiteaves, then paleontologist of the Canadian Survey, 
referred most of them to species that had previously been 
described from New Brunswick, and correlated the beds 
containing them with the “St. John’s Group” of that pra 
ince (Whiteaves, 1878). 

In 1884 Dr. C. D. Walcott correlated the Paradoxides 
beds at Manuels with those at St. John, New Brunswick, 
and with “the lower part of the Menevian, or possibly with 
portions of the Harlech and Longmynd groups” of Great 
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Britain (Walcott, 1884, p. 13), and in the following year 
Dr. Matthew correlated them with the “Acadian” beds of 
St. John, New Brunswick and the Solva of Great Britain 
(Matthew, 1885, pp. 121 and footnote, and 122,)% 

In 1886 Dr. G. F. Matthew tentatively divided the 
“Paradoxides” beds of Newfoundland into five “horizons,” 


as follows: 

. “Horizon of Paradoxides Davidis.”’ 

. “Horizon of Paradoxides Tessini.”’ 

. “Horizon of Paradoxides spinosus (?).” 
. “Horizon of the Conocoryphine.” 

. “Horizon of Agraulos strenuus.” 


He stated that the “Horizon of the Conocoryphine” occurred 
at Manuels, and that the others were found at other locali- 
ties on the shores of Conception, Trinity, and St. Mary’s 
Bays (see map, Fig. I). He listed the species that 
had been recorded from Manuels by Whiteaves in 1878, and 
added a number of other forms which he had found in mate- 
rial from the same locality that had been sent to him by 
Mr. Howley (Matthew, 1886b, 1887). His “Horizon of 
Agraulos strenuus” has since proven to be of pre-Paradoxi- 
dian age. Two years later he correlated the “Shales of 
Manuel R.” with “Division” 1c of the “St. John Group” of 
Canada, the upper part of the “Upper Sparagmite forma- 
tion—Etage 1b and c” of Norway, the upper part of the 
“Lower Paradoxides Beds” of Sweden, and doubtfully with 
the upper part of the “Solva group” of Great Britain (Mat- 
thew, 1888a, p. 25). At this time he considered that the 
“horizon of Conocoryphe at Manuel Brook” was older than 
the “limestone beds of Topsail and Brigus, in Conception 
Bay,” because Murray, unable to find any fossils at Manuels, 
had placed the beds of that locality below the limestone of 
Topsail and Brigus in his stratigraphic section (Matthew, 
1888d, p. 74). 

In the May, 1888, issue of the American Journal of 
Science, Dr. Walcott applied the term “Newfoundland” to 
the Paradoxides beds “of the St. John’s area of Newfound- 
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land” (Walcott, 1888a, p. 399). He apparently intended 
his new term to apply to all the known Paradoxides beds 
of southeastern Newfoundland. This name appears to be 
the earliest one applied to these beds alone; and, if it does. 
not prove to have been used previously in any other sense, 
should be used for these beds in the future. 

In the summer of 1888, Dr. Walcott found an “Olenellus 
fauna” in beds beneath the Paradoxides beds at Manuels. 
He announced his discovery a few weeks later in London, 
at the meeting of the fourth International Geological Con- 
egress (Walcott, 1888b, 1891c). As most American geolo- 
gists had believed, up until that time, that ‘Olenellus” 
belonged stratigraphically above Paradoxides, this discovery 
aroused a great deal of interest, and Manuels quickly 
became one of the famous Cambrian localities of the world. 
Dr. Walcott published a brief description of the section at 
Manuels, and gave lists of the fossils that he had found 
there. From the Paradoxides beds, which he divided 
into three zones, he recorded thirty species, some of 
which he recognized as forms that were characteristic 
of the Paradoxides beds of New Brunswick or Wales (Wal- 
cott, 1889a, pp. 378-3881). He referred the beds above the 
“Olenellus zone” in the Manuels Brook section to a new 
“terrane,” the “Avalon* terrane” (Walcott, 1888b; 1889a, 
p. 383; 189la, p. 548; 1891b, pp. 66, 306; 1891c) ; but he 
later (Walcott, 1899, p. 219) ceased using the term “Ava- 
lon” for these rocks, and applied it to the great group of 
pre-Cambrian sediments that underlies the Cambrian in 
southeastern Newfoundland, in which sense it is now gen- 
erally employed. (See Van Hise and Leith, 1909, pp. 43, 
99-100, 518-529; Willis, 1912, pp. 14, 16; Buddington, 1919, 
p. 451.) 

In 1889 Dr. Walcott (1889b, p. 445) described a tiny 
trilobite, which he named “Karlia minor,” from the beds 
containing Paradoxides davidis at Manuels. He later 

* Spelled “Avalan” when first used (1888) ; but this was probably 
due to a typographical error, as the name was taken from the Avalon 


Peninsula and was spelled “Avalon” by Dr. Walcott in ell his sub- 
sequent papers. 
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referred this species to the genus Corynexochus (Walcott, 
1916a, p. 224; 1916b, p. 319). 

In 1890, Jules Marcou correlated the Paradoxides beds 
of Newfoundland with those of New Brunswick and with 
“the lower part only of the Paradoxides zone at Braintree,” 
Massachusetts (Marcou, 1890, p. 226). In the same year, 
Dr. Matthew (1890, p. 137) correlated the uppermost of 
Dr. Walcott’s three Paradoxides zones at Manuels with the 
Menevian of Wales, “tage 1d” of Norway, and the “Upper 
Paradoxides Beds” of Sweden: and the two lower zones 
with the “Lower Paradoxides Beds” of Sweden, a part of 
the “Upper Sparagmite—Etage 1c’ of Norway, and a part 
_ of the Solva of Great Britain. In 1891 he (Matthew, 1891) 

correlated the Newfoundland faunas with similar ones else- 
where, in the manner shown in Table II of the present 
paper. In the same year Dr. Walcott published the 
horizontal section of the beds at Manuels that is repro- 
duced in Figure 2a of the present paper (p. 16), and gave 
a resume of the work that had been done up to that time on 
the Paradoxides beds and faunas of Newfoundland (Wal- 
cott, 1891la, pp. 528, 548, 554, 555, 565, 582, 583, and figs. 
51 and 52; 1891b, pp. 50-55, 78-80, 113, 257-262, and 374; 
1891d, pp. 533, 548, fig. 75, and pl. 42). 


TABLE II. Dr. G. F. Matthew’s 1891 correlation of the Paradoxides 
faunas of southeastern Newfoundland with those of other regions. 


Copied from Matthew (1891, p. 265) 
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Figs. 2a-d. Sections of the Cambrian beds at Manuels, by Dr. G. F. 
Matthew, Dr. C. D. Walcott, and the writer, to illustrate the 
increases in our knowledge of the limits of the “Olenellus,” “Pro- 
tolenus,” “Paradoxides,” and “Olenus” zones at that locality. 
Scale of all the sections, about 1,500 feet to 1 inch 


In 1896 Dr. Matthew subdivided the Paradoxides beds 

of Newfoundland as follows (Matthew, 1896) : 

3. “Sub-zone of P. Davidis.” 

2. “Sub-zone of P. Abenacus” (doubtfully identi- 

fied in Newfoundland). 

1.. “Sub-zone of P. Eteminicus.”’ 
He recorded from the “‘sub-zone of P. Davidis” at Manuels 
several species not previously known from that locality, one 
of which he described as a new form, naming it “Plumulites 
manuelensis.” 

In 1898 Dr. Walcott described a new species of brachio- 
pod, “Obolus (Lingulella) fragilis,’ from the “Middle Cam- 
brian” shales “fon Manuels Brook” (Walcott, 1898, p. 404). 
In the same year Dr. Matthew visited Manuels, and soon 
afterward published the horizontal section that is repro- 
duced in Figure 2b of the present paper. He stated 
that the dividing line between the “Olenian’” and ‘Para- 


doxidian” parts of his section was drawn arbitrarily (Mat- 
thew, 1899a, pp. 50-52, fig. 4). He recorded an Erinnys 


“from the Paradoxides Davidis sub-fauna at Manuels 
Brook,” and “‘Atops trilineatus” from an unknown horizon, 
which he thought might be the ‘‘Davidis zone,” at the same 
locality (Matthew, 1899c, pp. 89-95). 

In 1899 Dr. Walcott visited Manuels a second time. 
His account of this visit, published in 1900, included a 
description of the beds which seemed to him to mark the 
lower and upper limits of the ‘‘Paradoxides zone” in the 
brook valley, and contained, as one of its illustrations, the 
horizontal section that is reproduced here as Figure 2c 
(Walcott, 1900a, pp. 313-3817, 329-331, and figs. 9 and 10.) 

In 1902 Dr. Walcott recorded a brachiopod, ‘‘Acro- 
treta misera Billings” from the beds of the ‘‘Paradoxides 
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zone” at this locality (Walcott, 1902, pp. 590, 591). In 
1905 he described a new species of brachiopod, “Plectorthis 
papias,” from the same beds (Walcott, 1905, p. 268). He 
afterward referred the latter species to the senus Eoorthis 
(Walcott, 1912, p. 785). 

In 1910 Professor Charles Schuchert wrote of the Para- 
doxides beds as follows: “In southern Newfoundland, on 
Manuels brook, the Acadic begins with a conglomerate hav- 
ing pebbles holding fossils of the Georgic strata below 
(Walcott, 1900, p. 315). Above this layer, which is 18 
inches thick, follow argillaceous shales having a depth of 
170 feet. These are succeeded by a thin limestone zone 
marked by the presence of Paradoxides, the latter extendine 
66 feet higher in a series of shales interbedded with lime- 


stone. Here occurs Paradoxides davidis and P. bennetti. 
Apparently a stratigravhic hiatus exists above these beds, 


followed by the Olenus fauna.” (Schuchert, 1911, p. 522.) 

In 1912 Dr. Walcott, in his monumental monograph on 
the Cambrian Brachiopoda, described and fivured all the 
brachiopods known to occur in the Paradoxides beds at 
Manuels and listed the other fossils that he had recorded 
from those beds in 1889 (Walcott, 1912, pp. 140, 141, 161, 
162, 170, 392, 393, 496-500, 647-649, 653, 654, 695, 785, and 
plates XXIII, XXIX, LXXII, XCI). In the same year Dr. 
B N. Peach, referring to Dr. Walcott’s description of the 
Manuels Brook section, wrote “In Southern Newfoundland 
Walcott showed that the base of the Middle Cambrian divi- 
sion is marked in Manuel’s Brook by a conglomerate con- 
taining fossils of the lower or Georgian terrane, thus indi- 
cating elevation and erosion of the Lower Cambrian rocks. 
Higher up the strata yielded Paradoxides davidis and P. 
bennetti” (Peach, 1912, p. 455). 

During the summers of 1912, 1913, and 1914, Professor 
Gilbert vanIngen, Dr. A. O. Hayes, Dr. N. C. Dale, Dr. A. F. 
Buddington, and the writer studied and mapped the rocks 
at Manuels and collected many fossils there, including- more 
than 3,000 from the Paradoxides beds. In 1914, Professor 
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vanIngen (1914b) issued the “Table of the Geological 
Formations of the Cambrian and Ordovician Systems about 
Conception and Trinity Bays” that is reproduced in Table 
III (p. 20) of the present paper, and Dr. Dale gave a brief 
descrivtion of the manganiferous beds which underlie the 
lowest known Paradoxides beds of that region (Dale, 1914). 
The. complete results of Dr. Dale’s investigation of this 
“manganese zone,” which were published soon afterward, 
included a detailed description of the ‘‘zone” at Manuels 
(Dale, 1915, pp. 371-409, and figs. 1-29). 

In 1919 the writer examined foot by foot the Para- 
doxides beds in the valley of Manuels Brook, and, with Mrs. 
Howell’s assistance, collected some 7,000 fossils from them. 
Summaries of two preliminary papers based largely on the 
work of this and the previous Princeton expeditions were 
published in 1920 and 1922 (Howell, 1920a; 1920b, 1922). 

In 1920 Dr. Walcott recorded Protospongia fenestrata 
Salter from “the black shales of the Paradoxides hicksi 
zone” at Manuels (Walcott, 1920, pp. 305, 306). 


Ill. GENERAL GEOLOGY OF THE REGION ABOUT 
MANUELS 


The major features, and some of the minor details, of 
the geology of the Avalon Peninsula, on which Manuels is 
situated, have been described and mapped by Jukes (1839, 
pp. 1-4, 6-16, 27, 28; 1840a, pp. 104-108; 1840b, p. 1; 1842, 
pp. 219-226, 245, 249-254, 256-276, 321-334; 1843, pp. 
25-32, 51, 55-60, 62-82, 127-140, map, and sections 1-8), 
Murray and Howley (1881la, pp. 138-179, 199-205, 282-249, 
279-297, 478-483, 532-536; 1881b; 1918, pp. 4-82, and 
maps), Walcott (1889a, pp. 378-381, 388; 1891a; 1891b, pp. 
50-55, 113, 257-262, 273, 360-361, 365, pl. IT; 1891c; 1899, 
pp. 201, 218-221, 230-231; 1900a; 1900b), Chamberlin 
(1895), Matthew (1899a, pp. 45-52, figs. 3 and 4), van Hise 
and Leith (1909, pp. 43, 99, 100, 518-520), vanIngen 
(1914a, 1914b), Hayes (1914; 1915), Dale (1914; 1915), 
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and Buddington (1914, 1916, 1919). Most of the informa- 
tion contained in this chapter has been taken from the 
works of these authors. 

The peninsula is composed of a complex of Pre-Cam- 
brian igneous and sedimentary rocks, with scattered rem- 
nants of a once wide-spread blanket of sediments of Cam- 
brian, Lower Ordovican (and perhaps also Ozarkian) age 
clinging to it in the places where they have been protected 
from erosion. (See map, fig. 1, p. 8.) The Pre-Cambrian 
rocks include interbedded rhyolite and basalt flows, with 
corresponding breccias and tuffs, and volcanic dust beds, 
shales, sandstones, and conglomerates (the Harbour Main 
volcanics *; total thickness unknown) ; thin-bedded, green- 
ish-gray, dense slates, feldspathic sandstones, and con- 
glumerates (named by Dr. Walcott the Conception slates; 
estimated to be about 3,000 feet thick) ; green and reddish 
slates (Dr. Walcott’s “Torbay slates’; estimated thickness, 
3,300 feet) ; dark brown and blackish slates (Dr. Walcott’s 
“Momable slates” ; estimated thickness, 2,000 feet) ; reddish- 
brown and green feldspathic sandstones and conglomerates, 
with intercalated shale beds (the “Signai Hill sandstones” 
of Jukes; estimated by Dr. Buddington to reach a thickness 
of 10,000 feet) ; reddish, greenish, and white sandstones 
and quartzites (Dr. Walcott’s “Random terrane”; supposed 
to be 1,000 feet thick) ; and intrusives of gabbro, granodio- 
rite, granite, granophyre, quartz syenite, aplite, rhyolite 
porphyry, and diabase. It is probable that the Harbour 
Main volcanics are the oldest members of this group; and 
that they are succeeded in age, from oldest to youngest, by 
the Conception, Torbay, and Momable slates, and the Signal 


* Dr. Buddington named these rocks the “Avondale volcanics” in 
1916 (Buddington, 1916, map, p. 181). “Avondale” was, however, 
used by Frazier as a formation name in a different sense many years 
earlier (Frazer, 1883, p. 307). It becomes necessary, therefore, to 
assign a new name to the Newfoundland voleanics; and, at Dr. Bud- 
dington’s suggestion, “Harbour Main” is here proposed. The rocks 
are well developed near Harbour Main, Conception Bay. 
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Hill and Random sandstones; although the Conception slates 
may be in part contemporaneous with the Harbour Main 
volcanics. The Conception, Torbay, Momable, Signal Hill, 
and Random shales, sandstones, and conglomerates have 
been grouped together by Dr. Walcott in the “Avalon” 
series” (Walcott, 1899, pp. 218-220; 1900b). This sedi- 
mentary series has been referred by Dr. Walcott to the 
Algonkian, and Dr. Buddington has stated that the volcanic 
and intrusive igneous rocks were also possibly formed 
during that era. 

Dr. Buddington has interpreted the beds of the Signal 
Hill formation as “dominantly suberial fluviatile deposits,” 
formed “in a subarid climate”; those of the Momable as 
“well-decomposed marine sediments with traces of organic 
life’; and those of the Conception, as deposits composed of 
“materials derived from rocks resembling the Harbour 
Main volcanics, swept into the sea in a comparatively fresh, 
unaltered condition.” 

The Cambrian and overlying Ordovician (and perhaps 
Ozarkian) beds are shales and sandstones, with a few lime- 
stones and limy shales in the Cambrian. They probably 
aggregate some 10,000 feet in thickness (vanIngen, 1914a), 
and are not known to be divided by any angular uncon- 
formities. They are cut by dykes of basalt at some locali- 
ties. The pre-Paradoxides beds of the Cambrian are con- 
glomerates and sandstones, red and greenish shales (often 
with many nodules of impure limestone), and thin reddish 
and grayish limestones: some of them are manganiferous. 
They include the “Etcheminian” and ‘‘Hanfordian”’ * series 
of Professor vanIngen’s 1914 table (see table ITI). 

So far as the author is aware, these “Etcheminian” and 


* The terms ‘“Etcheminian” and “Hanfordian” were first applied 
to New Brunswick Cambrian rocks (Matthew, 1888b, p. 1; 1888d, 
p. 72; Walcott, 1891b, p. 360). The Newfoundland “Hanford forma- 
tion” of the “Hanfordian series” of Professor vanIngen’s 1914 table 
is possibly not the exact equivalent of the New Brunswick “Hanford,” 
as that was originally described by Dr. Walcott. 
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“Hanfordian” sediments are the only ones of Paleozoic age 
that are known to have been laid down directly upon Pre- 
Cambrian rocks in the region about Manuels. Wherever 
the cortacts between these Cambrian and Pre-Cambrian 
rocks are known, they appear to be either unconformities 
or disconformities The Paradoxides beds (Professor van 
Ingen’s Manuels series) are gray, brown, and black shales, 
with thin beds of limestone and limy nodular shale. The 
beds that overlie the Paradoxides beds along the south- 
eastern shore of Conception Bay, most or all of which 
belong in Profesor vanIngen’s Elliott Cove series, are “‘grey 


and black shales with cone-in-cone concretions and thin- 
bedded sandstones” (VanIngen, 1914b). Some of these beds 


are of Upper Cambrian age, and some may be Ozarkian or 
earliest Ordovican. The three islands that lie out in the 
middle of Conception Bay (Bell, Little Bell, and Kellys 
islands) are composed of beds which have been referred to 
the Lower Ordovician—the Bell Island and Wabana series 
of Professor vanIngen’s 1914 classification. They are light 
and dark colored shales and sandstones, with several beds 
of primary hematitic iron ore. Beds probably referable to 
Professor vanIngen’s Clarenville series, which belongs stra- 
tigraphically between the Elliott Cove and Bell Island series, 
presumably underlie Conception Bay between the islands 
and the mainland. No aneular unconformity is known to 
exist anywhere within this great stratigraphic section. 
The main structural features of the Peninsula of 
Avalon are a series of folds and faults, whose axes lie in a 
several N.NE.-S.SW. direction. The Pre-Cambrian rocks 
were folded before the deposition of the Lower Cambrian 
sediments upon them. Later the Pre-Cambrian, Cambrian, 
and Ordovician rocks were folded, faulted, and tilted. The 
masses of Cambrian and Ordovician sediments that were 
folded or faulted by these movements into situations where 
they were protected from erosion are the ones that have 
been preserved until the present day. One of these fav- 
ored masses underlies much of Conception Bay in such a 
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way that a few small patches along the western and south- 
ern sides of the bay and a narrow strip along the eastern 
shore are the only parts of the mass that project above sea- 
level. It is in the narrow strip alone the eastern shore 


that the exposures at Manuels are situated. 
Dr. Buddington (1919, p. 454) has described the struc- 
tural features of the Conception Bay basin as follows: “Th> 
core of a major anticline composed of complexly faulte? 
and folded beds of the volcanic series, cut across at a smal! 
angle by a stock of granodiorite, is exposed at the head of 
Corception Bay. At Chanel Cove its eroded surface is over- 
lain by beds constitutine the south end cf a northward- 
pitching synclinal fault block of Cambrian sediments, in 


which Conception Bay is excavated. We have here appar- 
ently the phenomenon of the location of a younger synclire 
in sediments deposited in a basin on the eroded crest of an 
anticline.””’ The eastern limb of this anticline has been in- 
truded by a batholith of granite, which forms the “backbone 
of the St. John’s Peninsula.” The block that contains the 
Cambrian and Ordovician rocks has been dropped a distance 
which Professor vanIngen has estimated at 8,000 feet alone 
a great fault that is well exposed at Topsail Head, 3 miles 
northeast of Manuels (Buddington, 1916, p. 181; 1919, pp. 
455, 475). 

The whole surface of the Peninsula of Avalon has been 
deeply carved by the Pleistocene ice. Great quantities cf 
drift are scattered over the surface of the land; and there 


are lakes and ponds of glacial origin everywhere. Dr. Bud- 
dington (1919, pp. 452, 458) states that the strize on the 


rocks indicate that there were “local ice caps flowing into 
the individual bays in a direction perpendicular to the 
major outlines of the bays at each point,” and that each ~ 
the bays “presents all the essential characteristics of a 
fiord.”” All of the large, and most of the small, bays and 
harbors lie with their long axes parallel to the N.NE.-S.SW. 
major structural axes of the region. 
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IV. GENERAL DESCRIPTION OF THE WHOLE CAM- 
BRIAN SECTION AT MANUELS 


The general character and distribution of the early 
Paleozoic beds at Manuels are indicated on the horizontal 
section and the outcrop map exhibited in figures 2d and 
3 (p. 16). A glance at the map will show that most of 
of the exposures are in the valley of Manuels Brook, the 
outcrops of the basal conglomerate being at the falls and 
those of the higer beds following in succession down the 
stream from that point toward the shore of the bay. Scat- 
tered outcrops occur, however, outside of the brook valley, 
especially alone the wagon roads and the railway. The 
strike of the beds between the bottom of the basal conglom- 
erate and the top of the highest Paradoxides zone is about 
N. 82° E., true meridian, and the dip is approximately 10° 
to the north. These or similar figures will probably be 
found to apply to the rest of the beds of the section when 
those beds are carefully studied. No faults or thrusts of 
any importance have been detected anywhere in the section, 
but some of the shales show many slickensided surfaces, as 
though they had slumped toward the north by a series of 
small movements among themselves. 

The basal beds of the Lower Cambrian, varying con- 
siderably in character (and perhaps in age) even in the 
small area included in the map (Fig. 3), are conglomerates 
in and adjacent to the brook valley, and limestones and 
shales at and southwest of the railway station platform. 
They appear to be deposits that accumulated along an 
uneven rocky shore. At the falls of the brook the conglom- 
erate is 18 feet thick, and consists of well rounded boulders 
and pebbles, apparently derived from the adjacent Pre- 
Cambrian, with the interstices between them filled with 
sand. It is coarsest at its base, where some of its boulders 
are said to measure as much as 12 feet in diameter (Dale, 
1915, p. 877), and grades upward through 3 feet of limy 
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sandstone into a shaly, pyritiferous, pink and blue limestone 
containing great numbers of what are probably pteropod 
shells. 

The beds next above this limestone in the brook section 
are almost entirely concealed, but a single small exposure 
in the bed of the stream, and many loose pieces in the soil 
of the adjacent fields, indicate that they are probably hard 
olive gray shales. The next higher bed is exposed a little 
farther down the stream. It is a red shale, 214 feet thick, 
which merges upward through some 6 inches of red and 
green limy shale into a bed described by Dr. Dale (1915, 
p. 3880) as a “nodular and pebbly reddish blue limestone,” 
which is 14% feet thick, and contains many fragmentary 
fossils. Overlying this, and exposed both in the banks of the 
stream and along the near-by wagon roads, are about 34 
feet of hard, olive gray shale, which breaks with a conchoi- 
dal fracture and contains occasional black nodules, up to 
1 inch in diameter, some of which, according to Dr. Dale 
(1915, p. 385), “show pinkish centers of some fine-grained 
minerals such as rhodocrosite or manganiferous calcite.” 
Dr. Dale has stated that the contact of this shale and the 
underlying limestone, as exposed in the bank of the stream, 
is a disconformable one. It is certainly a very uneven one; 
but the beds seem sometimes to grade into each other. A 
very careful and detailed study and comparison of this 
limestone and shale and the similar limestones and shales 
that outcrop in the vicinity of the railway will have to be 
made before their relative ages and the character of their 
contacts will be fully understood. This 34-foot thick olive- 
gray shale shows many small slicken-sided surfaces, and at 
most places yields very few fossils. In the brook exposures 
it has yielded nothing but some small brachiopods, and in 
the outcrops along the wagon roads it appears to be quite 
barren. In a railway cut just southwest of the railway sta- 
tion platform, however, beds almost certainly referable to 
some part of it contain a small fauna. One of the members 


26 BULLETIN 43 26 


of this fauna, a large trilobite named Catadoxides magni- 
ficus, is believed by Dr. Matthew, who discovered it, to be: 
closely related to the Sardinian genus, Metadoxides (Mat- 
thew, 1899b; 1899c, pp. 83-87, pl. VIII). 


The succeeding beds of the section are well exposed. 
only in the valley of the brook. The first one is a peculiar, 


dark bluish gray shale, 4 to 5 inches thick, and full of flat- 
tened, subspherical nodules, which are 1 inch or less it 
diameter and are probably composed, according to Dr. Dale 
(1915, p. 885), of manganiferous calcite. On top of this 
nodular bed is a thin layer of what Dr. Dale (1915, p. 385} 
has described as a “‘Cryptozoon shale,” containing “roughly 
concentric or zonal structures measuring 11% inches in 
diameter, irregular and subspherical nodules measuring 
1 inch in diameter, and intercalated lenses of maganiferous 
calcite.” Above this ‘‘Cryptozoon” layer is a three-foot bec 
of hard, green shale, with manganiferous calcite nodules in 
its upper portion, and near its base specimens of a trilobite 
apparently specifically identical with Dr. Matthew’s ‘‘Cata- 


doxides magnificus.”* This fossiliferous bed is followed 
by 10 feet and 10 inches of unfossiliferous, manganiferous, 


red and green shales, some of which contain small, flattened 
nodules. Most o/ these nodules are similar to those occurring 
in the beds below, but some of them may be phosphatic. 
The next higher stratum is possibly the lowest of the 
Paradoxides beds in this section. It and the beds which suc- 
ceed it, up to the top of the highest one known to contain 


_ * These specimens were tentatively identified by Professor ven- 
Ingen in 1915 as “Protolenus harveyi” (Dale, 1915, p. 390), a species 
which Dr. Walcott had described as “Solenopleura harveyi” (Walcott, 
1890, p. 45; 1891a, p. 656, pl. 97, figs. 8, 8a, not figs. 7, 7a). A recent 
examination of examples of Dr. Matthew’ s “Catadoxides magnificus” 
from the type locality of that species (the railway cut just southwest 
of the railway station platform at Manuels) has convinced Professor 
vanIngen that his own specimens are more like that form than like 
Dr. Walcott’s figure of “Solenopleura harveyi.” Dr. Walcott’s and 
Dr. Matthew’s species are, however, very similar, and may be identi- 
cal, their ostensible differences being perhaps due to differences in the 
size and preservation of the specimens on which they are based. 
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Paradoxides, consist of 302 feet of shales, containing occa- 
sional nodules, lenses, and thin beds of limestone. The 
lower 234 feet, which are grayish, heavy-bedded, hard 
shales, holding few fossils except in their upper 13 feet, 
gerade gradually upward, through brown and finer-bedded 
shales with abundant fossils, into thin-bedded, soft, black 
shales, filled with trilobites. As all these beds will be dis- 
cussed in detail in the next chapter, no further description 
of them will be given here. 

The beds that overlie the uppermost known Paradox- 
ides beds are thin-bedded, often papyraceous, dark gray and 
black shales, with frequent nodules of pyrite. They and 
their fossils have not been carefully studied. Near their 
base they appear to be barren. Some thirty feet up from 
the bottom, however, a few fossils have been found, includ- 
ing a brachiopod, an agnostid trilobite, and a small bivalved 
crustacean, which may indicate the presence of the ‘“‘Para- 
doxides forchhammeri” and “Agnostus levigatus” zones, 
the t:vo uppermost known divisions of the Paradoxides beds, 
which are well developed in Scandinavia. These beds of 
doubtful ave are succeeded by finely-bedded black shales 
containing a trilobite resembling Agnostus_ pisiformis 
(Linné), which are followed by similar shales holding 
Agnostus pisiformis obesus Belt, and other types character- 
istic of the “‘Olenus beds” of northwestern Europe. Above 
these “pisiformis obesus’” beds are micaceous shales and 
sandstones showing ripple marks and other evidences of a 
shallow-water origin. These micaceous shallow-water beds, 
which include the highest beds of the brook section, seem 
to be barren, for the most part; but a few species, the 
majority of them brachiopods, have been found, one of 
which, Orusia lenticularis (Wahlenberg), is abundant at 
some horizons. No detailed measurements have been made 
of any of these beds above the Paradoxides zones. Their 
total thickness is probably some 400 or 500 feet. 
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V. DETAILED DESCRIPTION OF THE PARADOXIDES 
; BEDS EXPOSED IN THE VALLEY OF 
MANUELS BROOK 


Stratigraphical and Faunal Succession 


The first published description of the Paradoxides beds 
at Manuels is contained in Murray’s report of the progress 
of the Newfoundland Geological Survey for 1868, where, 
after describing the conglomerate which forms the bottom 
‘of the Cambrian section in the brook valley, he mentions the 
other beds exposed along the stream as follows: “About 400 
yards below the bridge the conglomerate is overlaid con- 
formably by a set of dark brown or blackish shales, with 
a very fine lamination coinciding with the bedding, which, 
with some hard calcareous beds interstratified, hold the 
banks of the brook until within a short distance of its exit 
into the bay.” (Murray and Howley, 188la, p. 154.) 

Fossils were first discovered in the beds in 
(Weston, 1898, p. 153). They were collected by T. C. 
Weston, of the Canadian Geological Survey, and were 
examined by J. F. Whiteaves, paleontologist of that survey, 
who recognized the following eight species: “Agnostus 
Acadicus Hartt,” ‘‘Agnostus (sp. undet.),’” “Microdiscus 
punctatus Salter,” ‘“Microdiscus Dawsoni Hartt,” ‘“Cono- 
cephalites tener Hartt,” “Conocephalites Baileyi Hartt,” 
“Conocephalites Orestes ? Hartt,’ and ‘“‘Paradoxides (sp. 
undet.).” (Whiteaves, 1878.) 

In 1887 Dr. Matthew added four more species: : “‘Para- 
doxides sp.,” “Agnostus gibbus (7?) Linrs,” ‘“Agraulos 
socialis, Bill,” and ‘“Hyolithes, Sp.” (Matthew, 1887, p. 149). 

In 1889 Dr. Walcott published a description of the sec- 
tion at Manuels, a part of which is quoted herewith (Wal- 
cott, 1889a, pp. 3880, 381) : 
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6. Green argillaceous shale with thin layers of hard, dark, fer- 
ruginous sandstone, interbedded at several horizons________ 270 

Strike, N.80°E; Dip 12° N. 

Fossils—Near the base the head of an Olenellus was 
found, also fragments of an Agraulos or Ptychoparia. At 
218 feet from the base a layer of pinkish limestone contained 
the head of an Agraulos, like A. strenuus, and many frag- 
ments of trilobites. Fifty-two feet higher up quite an 
abundant fauna was found, and the following species were 
collected: Lingulella, sp. a, Acrothele Matthewi Hartt (sp.), 
Agnostus sp. a, Agnostus sp. d, Paradoxides Hicksi Salter, 
Conocoryphe Matthewi Hartt (sp.), Liostracus sp. a. 

7. Dark argillaceous shales with thin layers of limestone and 
Sandstone; at, Various sNOLizOnsees =e = eee oe 295 

Fossils—Zone a. From 10 to 20 feet from the base the 
following species were collected: Lingulella sp. a, Linnars- 
sonia misera Billings, Acrothele Matthewi Hartt (sp.), Hyo- 
lithes sp. a, Agnostus, 3 sp., a, b, c, Microdiscus punctatus 
Salter, Paradoxides Hicksi, Conocoryphe (C) Matthewi 
Hartt (sp.), Conocoryphe elegans Hartt (sp.), Agraulos 
socialis Billings, Liostracus tener Hartt (sp.). 

Zone b. Forty-five feet higher up the fauna is much 
larger and includes: Linnarssonia misera Billings (sp.), 
Lingulella sp. a, Orthis sp. ?, Stenotheca sp. ?, Agnostus 
punctuosus Angelin, Agnostus 5 sp., b, e, f, g, h, Microdiscus 
punctatus Salter, Paradoxides Davidis Salter, Paradoxides 
Hicksi Salter, Paradoxides sp. ?, Anopolenus venustus Bil- 
lings, Conocoryphe elegans, Ctenocephalus Matthewi Hartt 
(sp.), Errinnys venulosa Salter, Ptychoparia Robbi Hartt, 
P. variolaris Salter, Holocephalina inflata Hicks, Agraulos 
socialis Billings. From 235 to 250 feet from the base a belt 
occurs in which a small species of Aristozoa occurs in large 
numbers, associated with Lingulella sp. a, Agnostus sp. ? 
and the heads of a small Ptychoparia ?, sp. undet. 


All of Dr. Walcott’s division “6”, except the lower part, 
and all of zones “a” and ‘“‘b” of his division “7” are Para- 
doxides beds. ‘Ptychoparia Robbi Hartt” of zone “b” of 
division “7” is the only species mentioned by Dr. Walcott 
that the writer has not recognized as such in the material 
from Manuels that he has studied; it may be identical with 
the trilobite referred to as “Solenopleura cf. applanata 
(Salter)” in the faunal lists of the present chapter (see 

Ob) 2 
i Dr. Walcott later described from the Paradoxides beds 
at this locality the brachiopod, Acrothele prima costata 
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(Matthew), a new brachiopod, Obolus fragilis, and a new 
trilobite, ‘““Karlia” minor (which he subsequently referred 
to the genus Corynexochus), and a new brachiopod, ‘“‘Plec- 
torthis papias’’ (which he afterward placed in the genus 
Eoorthis). This writer has found three of these species in 
his Manuels collections, but has not recognized any examples 
of the other, the Acrothele. 

In 1896 Dr. Matthew recorded from the “‘sub-zone of 
P. Davidis” at Manuels three species, ‘““Plumulites Manuel- 
ensis, n. sp,” ““Agnostus Davidis, Hicks,” and ‘‘Microdiscus 
punctatus, Salter” (Matthew, 1896, pp. 200, 225, 226, 244, 
245). He was doubtful about his identification of Agnostus 
davidis, as it was based on a single pygidium. The writer 
has found no examples of davidis in the Princeton collec- 
tions from Manuels. Perhaps the pygidium described by 
Dr. Matthew belongs to the large agnostid which is referred 
to in the present paper as “Agnostus levigatus ciceroides 
Matthew.” The writer has not yet identified any specimens 


of Dr. Matthew’s “Plumulites Manuelensis” in his material 
from Manuels. 


In his “Lethezea geognostica” Frech stated that ‘“Cono- 
cephalus (Liostracus) Linnarssoni Broégg.’’ occurred in Dr. 
Walcott’s zone 7b at Manuels (Frech, 1897, p. 38) ; but this 
must have been a mistake on his part, for Dr. Walcott did 
not record it from there, and Frech gave no other authority 
for his record. The writer has not found the species in his 
collections. 

In 1899 Dr. Matthew recorded ‘“Erinnys breviceps, 
Ang.” from beds containing the “Paradoxides Davidis sub- 
fauna” at Manuels, and “Atops trilineatus, Emmons” from 
“a greenish gray fine shale, similar to that which at that 
locality .. . holds fossils of the P. Davidis subzone of the 
Paradoxides Beds, where probably it belongs.” Matthew, 
1899c, pp. 89-95.) The writer has not found at Manuels 
any specimens that seem to him to be referable to Erinnys 
breviceps, although a form which he has identified as 
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Salter’s “Erinnys venulosa” (called “Bailiella venulosa” in 
the present paper) is not uncommon in some of the beds 
there. It is therefore perhaps possible that Dr. Matthew’s 
specimen is a venulosa, rather than a breviceps. No speci- 
men of Atops trilineatus, except the one described by Dr. 
Matthew, has ever been recorded from Newfoundland, and, 
as this species has not been discovered during the careful 
collecting that has been done in the Paradoxides beds at 
Manuels, and occurs in beds supposed to be of pre-Para- 
doxidian age in New York, it seems probable that Dr. Mat- 
thew’s Manuels example came from one of the greenish gray 
shales which occur beneath the lowest known Paradoxides 
beds, and not from the much higher horizon that Dr. Mat- 
thew supposed. 

The only other species which have been recorded from 
the Paradoxides beds of Newfoundland that the writer has 
not identified at Manuels are Micromitra (Iphidella) pan- 
-nula maladensis (Walcott), listed by Dr. Walcott from a 
“limestone near the base of the Middle Cambrian, the lowest 
horizon carrying Paradoxides, northwest side of Chapple 
Arm Harbor, about 1 mile (1.6 km.) from its head, Trinity 
Bay” (Walcott, 1912, p. 169), “Bathyurus gregarius, 
described by Billings from Trinity Bay (Billings, 1865, p. 
363), “Eocystites, sp.,”’ “Agnostus levigatus, Dalm.,” and 
Agnostus fissus trifissus Matthew, from the “Davidis Sub- 
zone at Chapel Arm, Trinity Bay” (Matthew, 1887, p. 150; 
1896, p. 231), and “‘Centropleura Loveni, Ang.?,” “Agnostus 
brevifrons, Ang.,” and “Agnostus levigatus, Dalm.,” froz 
Highland Cove in Tiinity Bay (Matthew, 1887, p. 150). 
Billings desczibod what he believed to be two new species 
of Paradoxides (P. tenellus and P. decozus) ) frcm “Chapel 
Arm” in 1872 (Billings, 1874, pp. 74, 75) ; but an examina- 
tion of specimens of trilobites in the museum at St. John’s, 
Newfoundland, that are labeled ‘‘Paradoxides decorus” and 
“Paradoxides terrelus” and are supposed to be Billings’ 
types, has convinced the writer that both these species are 
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synonyms of Paradoxides hicksi Salter—“decorus” being 
based on adult specimens and “tenellus’” on young ones. 
Professor Raymond suggested some years ago that “tenel- 
lus” might prove to be the young of “decorus” (Raymond, 
1914, p. 234). 

In 1900 Dr. Walcott published some notes on the Cam- 
brian stratigraphy at Manuels, in which he described the 
strata which he thought marked the upper and lower limits 
of the “Middle Cambrian” and of the “great Paradoxides 
zone” there (Walcott, 1900, pp. 315-317). The stratum 
which he described as the bottom bed of the “Middle Cam- 
brian” is the “nodular and pebbly reddish blue limestone” 
referred to on page 25 of the present paper. The stratum 
designated by him as the basal bed of the “great Para- 
doxides zone,” the lowest horizon at which he found Para- 
doxides, is bed 19 of the present chapter (see p. 54). His 
description of the bed which he believed to mark the top of 
the ‘Middle Cambrian” is quoted and discussed on page 29 » 
of this paper. 

In a footnote on pages 315 and 316 of his 1900 paper 
Dr. Walcott stated that the “head of an Olenellus and frag- 
ments of Agraulos or Ptychoparia’” that had been recorded 
by him in 1889 from near the base of his division ‘6’ (see 
quotation on page 29 of the present paper), had probably 
actually come from a lower horizon, beneath the ‘“conglom- 
erate limestone” which underlies his division “6.” 

The only beds of the Manuels Brook Cambrian section 
that can be stated with certainty, or with any considerable 
degree of probability, to be of Paradoxidian age consist of 
302 feet of shales and thin limestones. They are overlain 
by black shales that have yielded no satisfactory index fos- 
sils and whose age is therefore unknown. They are under- 
lain by 10 feet and 10 inches of unfossiliferous mangani- 
ferous shales of undetermined age, as described on page 
26. All of their 302 feet, except the lowest 3, can 
definitely be proved to have been formed during Paradoxian 
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Fic. 1. View down the gorge of Manuels Brook, showing exposures 
of beds of the Paradoxides bennetti- zone (beds 1-20) and the 
underlying manganiferous beds. 


Fic. 2. View of beds 1-15 and the underlying manganiferous beds, as 
they are exposed in the left wall of the gorge of Manuels Brook. 
The cliff here pictured is the one shown in the extreme lower left 
corner of figure 1. 
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Fic. 1. View down the gorge of Manuels Brook, down the stream 
from the part of the gorge shown in plate I,, figure 1, showing 
exposures of beds of the Paradoxides bennetti zone, the P. hicksi 
zone, and the P. davidis zone, and the shales containing Agnostus 
pisiformis and A. pisiformis obesus and Olenus. 


> 


Fic. 2. View of beds of the Paradoxides bennetti zone (beds 20-35), 
the P. hicksi zone (beds 36-92), the P. davidis zone (beds 93-125), 
and some of the overlying beds of undetermined age, as they are 
exposed in the left wall of the gorge of Manuels Brook. The 
exposures here pictured are those shown at the extreme left side 


of figure 1. 
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time. The fossils that have been found in this basal 3 feet 
are so fragmentary that they can not be identified, but they 
appear to be most probably referable to a Paradoxides 
fauna, and a description of the beds is therefore included 
in the present chapter. The 10 feet of manganiferous shales 
beneath these beds, and the black shales overlying the 
highest known Paradoxides horizon, may also be of Para- 
doxidian age; but they appear to show no evidence of being 
so, and therefore will not be considered in the present chap- 
ter, where only the 299 feet that were surely, and the under- 
lying 3 feet that were probably, formed during Paradox- 
idian time will be discussed. A section and table, showing 
the stratigraphical and faunal succession of the known 
Paradoxides beds that are exposed in the valley of the brook, 
are exhibited in figure 2d and Table IV (pp. 16 and 56), and 
the outcrops and exact positions of the various beds and 
faunal horizons are indicated in the figures on plates 1 
and 2. No exposure showing a continuous section of 
these beds is to be found on either side of the brook valley; 
but a practically complete composite section can be obtained 
by combining the parts outcropping on the two sides. The 
section shown in figure 2d (p. 16) and described in the 
present chapter, was gotten in this way. Some mistakes may 
have been made in joining up the parts of this section that 
were exposed in unconnected outcrops, but it is believed 
that none of these errors can have been large or important. 


The lithological characters and the faunas of the individual] 
beds are described in detail in the succeeding pages of this 


chapter, and are discussed on pages 57 to 72. Beds 21 to 
125 are described as they occur on the western side of the 
brook valley. They appear to be of essentially the same 
character in the exposures on the eastern side. 

The growth of our knowledge of the relationships 
existing between the Paradoxides faunas of Newfoundland 
and those of northwestern Europe and northeastern North 
America. will probably necessitate the changing of a num- 
ber of the specific and varietal names used in this paper, 
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for the writer has attempted to identify his specimens from | 
Manuels with previously described American and European 
species and varieties without entering into any discussion 
of the exact relationships or possible equivalences of those 
previously described forms. Detailed comparisons of the 
European and American forms will be included in a mono- 
erapn on the Paradoxides faunas of southeastern New- 
foundland, which is now in preparation. The new species 
and varieties mentioned in the faunal lists of the present 
paper are described farther on. 

All the species of agnostid trilobites in these faunal 
lists are placed in the single “genus,” Agnostus. The writer 
believes, with Corda (Hall and Corda, 1847), Tullberg 
(1880, pp. 11-15), Jekel (1909), and Raymond (1913, pp. 
2 and 3), that these species should be referred to more 
than one genus; but, as he has been unable to assign some 
of them to the genera of any classification of the group that 
has yet been proposed, he has followed the old practice of 
xrouping them all in “Agnostus.” This procedure has at 
least the advantage of making the names of many of the 
snecies more intelligible to the majority of his readers than 
the names would have been had he referred the species to | 
what are really their proper genera; for to the minds of 
most paleontologists ““Agnostus” undoubtedly conveys more 
meaning than do “Condylopyge,” “Pleuroctenium,” ‘‘Lejo- 
pyge,” ‘“Peronopsis,” or “‘Phalacroma.” The best generic 
classification of the agnostids that has yet been proposed is 
that advocated by Professor Raymond (Raymond, 1913). 
The writer believes that, in most respects, that classification 
is satisfactory as far as it goes, but that it is not complete; 
and Dr. C. E. Resser and he are now making a detailed 
study of all the agnostids, in the hope of obtaining a fuller 
knowledge of the true lines of descent and the proper classi- 
fication of that very interesting group of little trilobites. 
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STRATIGRAPHICAL AND FAUNAL SUCCESSION OF THE PARA- 
DOXIDES BEDS EXPOSED IN THE VALLEY OF 
MANUELS BRooK 


The letters in parentheses indicate the relative abundance or rarity 
of the species, thus: r—rare, c—common, a—abundant, va—very 
abundant. 

The ° and / mark the earliest and latest known occurrences of the 
species in the section, thus: °—earliest known occurrence 3; /— 
latest known occurrence. . 


THICKNESS 
BeD No. —— -.- LITHOLOGICAL: CHARACTER Fest. INCHES. 


125. Dark gray slightly micaceous, phosphatic, carbonaceous 
Shale, containing so many small lumps.of black, car- 
bonaceous, phosphatic material that it looks almost 
like a conglomerate. These lumps, which appear 
to be either pebbles or concretions, vary from a small 
fraction of an inch to 8 inches in diameter, and often 
contain fossils. The top and bottom of the bed are 
uneven, but appear to show no clear evidence of the 
beds having been eroded after its consolidation______ Y 2 
Paradoxides sp. undet. (probably P. davidis 
Salter) (r) 
Hyolithid gen. and sp. undet. (possibly Hyolithes 
tenuistriatus Linnarsson) (Yr). 
This is the highest known Paradoxides bed in the 
section, the top of the “Paradoxides davidis zone”) of 
this paper (see p. 59). 
124. Hard greenish gray shale. The top is uneven against 
the uneven bottom of bed 125 and the change in 
lithological character between the two.beds is abrupt, 
but there does not appear to be any clear evidence 
of a sedimetnary break or of the erosion of bed 124 
Ahvermeltsmconsoudatoness a sea. wanes we eunsce U8 el 
Paradoxides sp. undet. (probably P. davidis 
Salter) (r). 
123. Grayish white clay-like material, apparently resulting 
from the weathering of a gray shale, small pieces of 


EN Creo wawsiay Wars CO ies ae a ee O) a 
No fossils found. 

122. Hard, heavy-bedded dark greenish gray and _ blackish 
shales, containing numerous black, carbonaceous, 
phosphatic “pebbles,” 1 inch or less in diameter, 

Sit APECORLMOSp MITE DC Uaioe See we ee Ole 
/Paradoxides davidis Salter (c). eee 


Uri heLOUSs Dlackmsiales te. =e Heme rele BLURS er 
Paradoxides davidis Salter (r). 
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120. 


119. 


TNA 


116. 


115. 
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Pyritiferous, black shale=== = 
Paradoxides davidis Salter (r). 
/Agnostus punctuosus Angelin (1). 
/Agnostus levigatus ciceroides Matthew (r). 


Black shale containing a few limestone nodules, some 
of which are a foot or more in diameter, and many 
small nodules of pyrite and lumps or pebbles of phos- 
phatic-material - =" es ee ee 

Paradoxides davidis Salter (va). 

. /Corynexochus cf. minor (Walcott) (r). 
Agnostus punctuosus Angelin (c). 
Agnostus levigatus ciceroides Matthew (r). 
Brachiopod gen. and sp. undet. (1). 


. Soft pyritiferous bluish black shale, intermediate in 


characters betweeme Lil Om aria tely( eee een res ee eee 
Paradoxides davidis Salter (r). 
Agnostus punctuosus Angelin (r). 
Agnostus levigatus ciceroides Matthew (r). 


Soft, thin-bedded, dark gray shale containing many 
Sal COnNCKECTOMS Otek Vale Cee a 
Paradoxides davidis Salter (a). 
Centropleura sp. undet. (1). 
Agnostus punctuosus Angelin (r). 
Agnostus levigatus ciceroides Matthew (c). 
/°Agnostus cf. incertus Brogger (r). 


JEN ABIMRESTO MS Codie Fahy Sele 
Paradoxides davidis Salter (a). 
/Paradoxides rugulosus Corda (r). 
Corynexochus cf. minor (Walcott) (1). 
Conocoryphe sp. undet. (r). 
Agnostus punctuosus Angelin (1). 
Agnostus levigatus ciceroides Matthew (c). 
/Agnostus cf. fallax Linnarsson (r). 
/°Protospongia fenestrata Salter (r). 


Pyritiferous dark gray shales, slightly harder and 
heavier-bedded than 116, containing occasional flat 
limestone nodules, 1 inch to 6 inches thick, some of 
which hold fossils. A 2-inch bed of shale, full of 
small phosphatic “pebbles” like those in bed 125, 
occurs: 2efeet above: thesbase ssa nee 

Paradoxides davidis Salter (va). 
°Paradoxides rugulosus Corda (r). 
/°Centropleura henrici (Salter) (r). 
/°Solenopleura variolaris (Salter) (1). 
/°Solenopleura communis Billings (1). 
/°Holocephalina primordialis Salter (c). 
/Eodiscus punctatus Salter (r). 

Agnostus punctuosus Angelin (r). 
Agnostus levigatus ciceroides Matthew (c). 


/Agnostus levigatus terranovicus Matthew (KONG 


a Sis 


Sy) 


114. 


113. 


112. 


ik 
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/° Agnostus levigatus mamilla Matthew (r). 
Agnostus cf. fallax Linnarsson (1). 
/Agnostus cf. acadicus declivis Matthew (r). 
/Obolus fragilis (Walcott) (r). 

/°Stenotheca cf. cornucopia Salter (r). 
/°Hyolithes cf. tenuistriatus Linnarsson (r). 


Hard, heavy-bedded, dark gray limy shale, some parts 
of which, more limy than the rest, are full of frag- 
MentswoLeraradoxides davildismes = ane see 

Paradoxides davidis Salter (va). 
Centropleura sp. undet. (r). 

Agnostus levigatus terranovicus Matthew (r). 
Agnostus cf. fallax Linnarsson (r). 


Hard, dark gray shale with flat nodules of limestone 
INELCS AUP POR Pa Te ere — et ee A 

Centropleura sp. undet. (r). 
/Bailiella venulosa (Salter) (r). 
/Hartshillia inflata (Hicks) (7). 
Agnostus levigatus ciceroides Matthew (c). 
Agnostus cf. acadicus declivis Matthew (c). 
Brachiopod gen. and sp. undet. (r). 


Hard black and dark gray shales, some layers of which 
are covered with fragments of trilobites___________ 

Centropleura sp. undet. (r). 
Hartshillia inflata (Hicks) (c). 
/Solenopleura cf. applanata (Salter) (c). 
Eodiscus punctatus (Salter) (r). 
Agnostus levigatus terranovicus Matthew (c). 
Agnostsus cf. fallax Linnarsson (r). 
/Agnostus rex (Barande) (r). 


Hyolithid gen. and sp. undet. (r). 

Pyritiferous black and gray shales, not quite so hard 

BS US TAS Si at pn eS ee ee eee 

Paradoxides davidis Salter (r). 
Solenopleura cf. applanata (Salter) (r). 
°Hartshillia inflata (Hicks) (1). 
Agnostus punctuosus Angelin (va). 
Agnostus levigatus terranovicus Matthew (a). 
Agnostus cf. fallax Linnarsson (c). 


Pyritiferous black shale with occasional thin gray 
bands Notrquitessop hard ass ll= ==) == sss. --— 

Paradoxides sp. undet. (r). 
Solenopleura cf. applanata (Salter) (r). 
Agnostus punctuosus Angelin (va). 
Agnostus levigatus ciceroides Matthew (r). 
Agnostus levigatus terranovicus Matthew (a). 
Agnostus cf. fallax Linnarsson (c). 
/Agnostus cf. nudus (Beyrich) (r). 
/Agnostus cf. granulatus (Barrande) (r). 
/Agnostus sulcatus Illing (r). 
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/°Agnostus cf. pusillus Tullberg (r). 
Hyolithid gen. and sp. undet. (1). 
109. Pyritiferous brown-weathering gray and black shales, 
in alternating thin beds. Slightly softer than 110. 
Contains occasional small nodules of pyrite, and a 


great many fossils______ Bie ete SR oe. 
Paradoxides sp. undet. (tr). 
Bailiella venulosa (Salter) (1). 
Solenopleura cf. applanta (Salter) (a). 
°Corynexochus minor (Walcott) (Yr). 
Eodiscue punctatus (Salter) (va). 
Agnostus granulatus (Barrande) (r). 
Agnostus cf. nudus (Beyrich) (r). 
Agnostus suleatus Illing (7). 
/°Agnostus longifrons parvulus n. var. teh: 
/Agnostus cf. exaratus tenuis Illing (c). 
Agnostus punctuosus Angelin (1). 
Agnostus levigatus ciceroides Matthew (r). 
Agnostus levigatus terranovicus Matthew (a). 
Agnostus cf. fallax Linnarsson (a). 
Agnostus cf. acadicus declivis Matthew (1). 
Agnostus rex (Barrande) (r). 
/Agnostus gracilis ling (1). 
/Agnostus cf. :kjerulfi Brogger (1). 
°Obolus fragilis (Walcott) (xr). 
/Acrotreta misera (Billings) (1). 
Hyolithid gen. and sp. undet. (r). 


108. Soft slightly pyritiferous black shale. —__-..______ 
Centropleura sp. undet. (r). 
Solenopleura cf. applanata (Salter) (1). 
Eodiscus punctatus (Salter) (a). 
Agnostus punctuosus Angelin (a). 
Agnostus levigatus terranovicus Matthew (a). 
Agnostus cf. fallax Linnarsson (a). 
Agnostus granulatus (Barrande) (c). 
Acrotreta misera (Billings) (1). 
LOF SOLE DVT EROU Ss lave kee chee see eee 
Solenopleura ef. applanata (Salter) (Se 
EHodiscus punctatus (Salter) (x). 
Agnostus punctuosus Angelin (a). 
Agnostus levigatus terranovicus Matthew (a). 
Agnostus cf. acadicus declivis Matthew (r). 
Agnostus cf. nudus (Beyrich) (r). 
Agnostus granulatus (Barrande) (c). 
Agnostus ef. kjerulfi Brégger (r). 
haere ef. parvifrons mammillatus Brodg- 
ger 
/Agnostus bibullatus (Barrande) (r). 
Acrotreta misera (Billings) (r). 
106. Soft pyritiferous black shale_______-_ _ 
Paradoxides sp. undet. (r). 


0 
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Eodiscus punctatus (Salter) (c). 

Agnostus punctuosus Angelin (c). 

Agnostus levigatus terranovicus Matthew (va). 
Agnostus cf. fallax Linnarsson (c). 

Agnostus granulatus (Barrande) (c). 
°“Agnostus bibullatus (Barrande) (r). 
Acrotreta misera (Billings) (c). 

Hyolithid gen. and sp. undet. (r). 


105. Soft black shale with some very-thin brownish layers__ 
Solenopleura cf. applanata (Salter) (r). 
Eodiscus punctatus (Salter) (c). 
Agnostus punctuosus Angelin (r). 
Agnostus levigatus terranovicus Matthew (c). 
Agnostus cf. fallax Linnarsson (c). 
Agnostus granulatus (Barrande) (r). 
Agnostus cf. kjerulfi Brégger (r). 
“Agnostus cf. parvifrons mammillatus Broég- 

ger (r). 

Acrotreta misera (Billings) (c). 

104. Thin-bedded soft gray and black shales______________ 
Agnostus levigatus terranovicus Matthew (r). 
Agnostus cf. fallax Linnarsson (1). 
Acrotreta misera (Billings) (1). 

103. Thin-bedded pyritiferous soft black and gray shales___ 
Eodiscus punctatus (Salter) (c). 
Agnostus levigatus terranovicus Matthew (c). 
Agnostus sulcatus Illing (r). : 
Acrotreta misera (Billings) (c). 


102. Thin-bedded pyritiferous soft black shale with a few 
thin gray and brown layers. In its upper 5 inches it 
is much like bed 108. Contains occasional small 
NoduleswoLepyrite==e = ee ae ee ee 

Paradoxides sp. undet. (r). 

Solenopleura cf. applanata (Salter) (r). 
Eodiscus punctatus (Salter) (va). 
Agnostus levigatus ciceroides Matthew (c). 
Agnostus levigatus terranovicus Matthew (va). 
Agnostus cf. fallax Linnarsson (a). 
Agnostus granulatus (Barrande) (r). 
Agnostus sulcatus. LIlling (r). 

°Agnostus cf. gracilis Illing (r). 

Agnostus cf. kjerulfi Brogger (r). 
/Agnostus vaningeni n. sp. (Yr). 

Acrotreta misera (Billings) (r). 


101. Thin-bedded pyritiferous soft black shale with a few 
thine Travel aVeliseeeer een ae oe 
Paradoxides sp. undet. (possibly P. davidis 
‘Salter) (1). 
/Paradoxides cf. hicksi Salter (1). 
Eodiscus punctatus (Salter) (a). 
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Agnostus cf. fallax Linnarsson (a). 
Agnostus cf. nudus (Beyrich) (c). 
Agnostus granulatus (Barrande) (r). 


Agnostus sulcatus Illing (7). 
Agnostus cf. kjerulfi Brogger ( 
/°Agnostus parvifrons punctife 


Se 


1) Te Vale ye 


Acrotreta misera (Billings) (r). 
/Lingulella ferruginea Salter (r). 


100. Thin-bedded pyritiferous soft black shale__-__-__-__-_ 
Paradoxides sp. undet. (possibly P. davidis 


Salter) (r). 


Agnostus levigatus terranovicus Matthew (r). 


Agnostus cf. fallax Linnarsson 


(a) 


Agnostus ef. nudus (Beyrich) (r). 
Agnostus granulatus (Barrande) (1). 


Agnostus sulcatus Illing (r). 


Agnostus cf. kjerulfi Brogger (r). 


Agnostus vaningeni n. sp. (1). 
Acrotreta misera (Billings) (r 
Stenotheca sp. undet. (r). 


Ne 


99. Thin-bedded pyritiferous soft black shale____________ 


/°Centropleura pugnax Illing ( 


ie 


Solenopleura cf. applanata (Salter) (r). 


Eodiscus punctatus (Salter) ( 
Agnostus punctuosus Angelin ( 


1) he 


Gye 


Agnostus levigatus ciceroides Matthew (r). 
Agnostus levigatus terranovicus Matthew (r). 
Agnostus cf. fallax Linnarsson (va). 
Agnostus cf. acadicus declivis Matthew (r). 


Agnostus cf. nudus (Beyrich) 


(ane 


Agnostus granulatus (Barrande) (r). 


°Agnostus cf. kjerulfi Brogger 
Agnostus sulcatus Illing (c). 


Cos 


/Agnostus cf. parvifrons Linnarsson (r). 
Agnostus cf. exaratus tenuis Illing (r). 
/°Agnostus cf. fissus perrugatus Groénwall (va). 


°Agnostus vaningeni n. sp. (r) 


Acrotreta misera (Billings) (c). 


Hyolithid gen. and sp. undet. ( 
Stenotheca sp. undet. (r). 


Yr). 


98. Soft, but compact, black shale, in layers 1/4 to 1/3 of 


am rinch thick see eee 


No fossils found. 


The absence of fossils from this black shale is 
remarkable, as the very similar black shales above 


and below it are richly fossiliferou 
97. Soft pyritiferous black shale with occ 


Ss. 


asiona] flat lenses 


of limestone. Contains several beds of white clay- 


like material, 1/16 of an inch thick, 
bed, % of an inch thick, at the top 


and has a similar 
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Agnostus punctuosus Angelin (r). 
Agnostus cf. fallax Linnarsson (r). 
Agnostus sulcatus Illing (r). 


96. Soft pyritiferous black shale, similar to bed 95, but 
with Agnostus punctuosus much the most abundant 
membermotet evra la == eee ene = ee ee 

Paradoxides davidis Salter (c). 
Agnostus punctuosus Angelin (va). 
Agnostus cf. fallax Linnarsson (r). 
Agnostus sulcatus Illing (r). 


Oo amSOlLl pyribberous blacks snale=— =. see ee 
: Paradoxides davidis Salter (c). 
°Agnostus punctuosus Angelin (c). 
Agnostus cf. fallax Linnarsson (a). 
Agnostus cf. nudus (Beyrich) (r). 
Agnostus granulatus (Barrande) (c). 
Agnostus sulcatus Illing (a). 
Hyolithid gen. and sp. undet. (r). 


94. Very soft pyritiferous black shale, similar to 95, but 
softer and less fossiliferous. Breaks into little hexa- 
gonal pieces, about % of an inch in diameter, and 
almost as thin as paper. Pyrite nodules, % of an 
inch or less in diameter, are common____-_________-_ 

°Paradoxides davidis Salter (c). 

Agnostus levigatus terranovicus Matthew (c). 
Agnostus cf. fallax Linnarsson (r). 

Agnostus granulatus (Barrande) (r). 
Agnostus sulcatus Illing (a). 

Agnostus cf. acadicus declivis Matthew (r). 


93. Thin-bedded soft pyritiferous black shale--_____---__ 

Paradoxides sp. undet. (possibly P. davidis 
Salter) (r). 
Agnostus evigatus ciceroides Matthew (c). 
°Agnostus levigatus terranovicus Matthew (a). 
Agnostus ef. fallax Linnarsson (c). 
Agnostus cf. granulatus (Barrande) (r). 
: Agnostus cf. sulcatus Illing (a). 

/Agnostus cf. umbo Matthew (r). 
Stenotheca sp. undet. (c). 
This is the lowest bed of the “Paradoxides 

davidis zone” of this paper. 

On, lDedke feaehy Ibsen. a 

Agnostus cf. acadicus declivis Matthew (r). 


Acrotreta misera (Billings) (r). 
This is the top bed of the “Paradoxides hicksi 


zone” of this paper. 


91. Soft pyritiferous black shale with limy lenses and 


MOCUICSHINGICSE UD Dera lUn=a=— === === == eee 
Solenopleura cf. applanata (Salter) (7). 
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/Liostracus globiceps jaculator n. var. (7). 
Agnostus levigatus ciceroides Matthew (c). 
Agnostus cf. fallax Linnarsson (c). 
Agnostus cf. sulcatus Illing (c). 

Agnostus granulatus (Barrande) (1). 
Agnostus cf. umbo Matthew (r). 
/Agnostus ef. parvifrons Linnarsson (Yr). 
/Agnostus fissus Lundgren MS (7). 
Acrotreta misera (Billings) (%). 
Stenotheca sp. undet. (r). 


99. Soft pyritiferous black shale, slightly greenish in spots. 


89. Soft pyritiferous black shale with layers of brownish 
Inger ais Le LOWS Gg in Cla ee eee Ores 


88. Pyritiferous black shale, harder than bed 89___-___-__ 0 10 


Sie Soft pynitiferoussblackechale === = =a === 


Contains nodules of pyrite, some of which are as 
much as linch in diameters === = 0 9 


Paradoxides hicksi Salter (1). 

Agnostus levigatus cicercides Matthew (r). 
Agnostus cf. fallax Linnarsson (c). 
Agnostus cf. nudus (Beyrich) (r). 
Agnostus granulatus (Barrande) (r). 
°Agnostus cf. sulcatus ling (a). 
°Agnostus cf. umbo Matthew (r). 
°Agnostus cf. parvifrons Linnarsson (r). 
Agnostus fissus Lundgren MS (r). 
/Agnostus cf. gibbus Linnarsson (r). 
Acrotreta misera (Billings) (r). 


Paradoxides hicksi Salter (r). 

Agnostus levigatus ciceroides Matthew (r). 
Agnostus cf. fallax Linnarsson (va). 
Agnostus fissus Lundgren MS (r). 


Paradoxides hicksi Salter (c). 

Solenopleura cf. applanata (Salter) (r). 
°Bailiella venulosa (Salter) (c). 

Agnostus levigatus ciceroides Matthew (r). 
Agnostus cf. fallax Linnarsson( va). 
Agnostus cf. acadicus declivis Matthew (r). 
Agnostus rex (Barrande) (r). 

Agnostus granulatus (Barrande) (r). 
Agnostus fissus Lundgren MS (r). 
°Agnostus cf. gibbus Linnarsson (r). 
Acrotreta misera (Billings) (1). 


Paradoxides hicksi Salter (c). 

Centropleura sp. undet. (r). 

/Conocorpyhe equalis Linnarsson (r). 
/Agyraulos socialis Billings (r). 

Agnostus levigatus ciceroides Matthew (c). 
Agnostus cf. fallax Linnarsson (r). 
Agnostus fissus Lundgren MS (r). 
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86. Pyritiferous black shale, slightly brownish in some 
layers and greenish blue in the bottom inch_________ 

Paradoxides hicksi Salter (r). 
/°Centropleura venusta (Billings) (r). 
Solenopleura cf. applanata (Salter) (a). 
*Liostracus globiceps jaculator n. var. (r). 
Conocoryphe equalis Linnarsson (r). 
Agraulos socialis (Billings) (r). 
Eodiscus punctatus (Salter) (c). 
Agnostus cf. fallax Linnarsson (r). 
Hyolithid gen. and sp. undet. (r). 


85. Pyritiferous black shale, harder than bed 86. Breaks 
wWithEaeconchoidal etract i Tes samme nee teen 
Paradoxides hicksi Salter (r). 
Solenopleura cf. applanata (Salter) (r). 
Agnostus fissus Lundgren MS (r). 


84. Alternating beds of dark gray limestone and thin- 
bedded, soft, pyritiferous gray and bluish gray shale 

Paradoxides hicksi Salter (c). 
Centropleura sp. undet. (r). 
Solenopleura cf. applanata (Salter) (a). 
Conocoryphe zxqualis Linnarsson (a). 
Agraulos socialis Billings (c). 
Eodiscus punctatus (Salter) (a). 
Agnostus levigatus ciceroides Matthew (c). 
Agnostus cf. fallax Linnarsson (c). 
Agnostus cf. acadicus declivis Matthew (c). 
Agnostus fissus Lundgren MS (r). 
Hyolithid gen. and sp. undet. (r). 


SomOOLeTOlivessShaless ete a oe ene ee ee 
Paadoxides hicksi Salter (c). 
Solenopleura cf. applanata (Salter) (r). 
Conocoryphe zqualis Linnarsson (c). 
Agraulos socialis Billings (c). 
Eodiscus punctatus (Salter) (c). 


82. Soft pyritiferous bluish black shale. Some of the 
pyrite occurs as small nodules. The fossils are 
DOOLLYAEDLESCLV CC see een ree ee eee eS eae re 

Paradoxides hicksi Salter (c). 
Agraulos socialis Billings (c). 
Hyolithid gen. and sp. undet. (c). 


81. Thin-bedded dark gray shale, containing a few small 
Aatephosphaticus pebbles; 2 = = ees See 

Paradoxides hicksi Salter (c). 
Agyraulos socialis Billings (a). 
Eodiscus punctatus (Salter) (c). 
°Agnostus levigatus ciceroides Matthew (r). 
Agnostus cf. fallax Linnarsson (r). 
Agnostus cf. acadicus declivis Matthew (r). 
/Agnostus barrandei Salter (r). 


il 
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Agnostus fissus Lundgren MS (c). 
/Acrothele cf. matthewi (Hartt) (r). 


80. Gray shale, greenish in spots. Occasional thin lenses 


ADs 


76. 


of limestone or limy shale occur in its upper part, 
and 4 inches above the base there is a %-inch bed 
of hard gray limestone or limy shale with uneven 
UpPPersandelOowerssulsta Ces === mee eee 
Paradoxides hicksi Salter (c). 
Solenopleura cf. applanata (Salter) (r). 
Agraulos socialis Billings (c). 
Agnostus cf. acadicus declivis Matthew (r). 
Agnostus granulatus (Barrande) (r). 
Agnostus barrandei Salter (1). 
/Agnostus cf. parvifrons tessella Matthew (r). 
Hyolithid gen. and sp. undet. (x). 


Hard dark gray shale, with a 1-inch bed of dark gray 
limestone at the top. The bedding surfaces of the 
shalecare rough. 22> a= See ee ee eee ee ae 

Conocoryphe cf. equalis Linnarsson (1). 
Agnostus rex (Barrande) (r). 
Hyolithid gen. and sp. undet. (r). 


. Soft black shale, full of fragments of agnostids, most 


of which are too imperfect for specific identification_ 
Paradoxides hicksi Salter (r). 
Agnostus fissus Lundgren MS (c). 


. Dark gray shale, containing small concretions of pyrite 


and thin lenses and nodules of limestone. The shale 
weathers brown 225.2203 52 2) eee nde eee eee 
Paradoxides hicksi Salter (c). 
Agyraulos socialis Billings (c). 
Solenopleura cf. applanata (Salter) (c). 
Agnostus cf. acadicus declivis Matthew (r). 
Agnostus barrandei Salter (r). 
Agnostus fissus Lundgren MS (r). 
Hyolithid gen. and sp. undet. (r). 


Soft dark blue shale, containing a few small black, 
probably phosphatic, nodules. The contained fossils 
are poorly preserved________ ba ae Oe ee 

Paradoxides sp. undet. (probably P._ hicksi 
Salter (c). 

Agyraulos socialis Billings (1). 

Agnostus cf. acadicus declivis Matthew (c). 

Agnostus sp. undet. (r). 


. Hard, brown-weathering, dark gray shale, containing 


a few small concretions of pyrite and (in its upper 
half) occasional thin lenses and nodules of dark gray 
limestone. Some of the bedding planes have rough 
surfaces. The fossils are pooily preservd 
Paradoxides hicksi Salter (r). 
Agraulos socialis Billings (r). 
Eodiscus punctatus (Salter) (r). 
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74. Thin-bedded soft black shale, containing a few small 
black, probably phosphatic, nodules, an inch or less 
IMEC ANCL CL aermaenerne arene eet yn ee. 

Paradoxides hicksi Salter (c). 

Agraulos socialis Billings (c). 

Agnostus cf. acadicus declivis Matthew (c). 
Agnostus granulatus (Barrande) (r). 
Agnostus fissus Lundgren MS (c). 
Lingulella ferruginea Salter (r). 
Stenotheca sp. undet. (r). 

Hyolithid gen. and sp. undet. (c). 

73. Hard pyritiferous greenish gray and brownish gray, 
brown-weathering, shales, alternating with black 
STC near ee ee ee ee ey eS 

Paradoxides hicksi Salter (a). 
Agraulos socialis Billings (a). 
Agnostus sp. undet. (r). 
Hyolithid gen. and sp. undet. (c). 

72. Soft dark gray, brown-weathering shale______________ 
Agraulos socialis Billings (r). 
Agnostus fissus Lundgren MS (r). 

71. Hard, tough, dark gray shale, weathering brown____--~ 
Solenopleura ? sp. undet. (c). - 
Agraulos socialis Billings (c). 
Agnostus cf. acadicus declivis Matthew (c). 

70. Hard dark gray shale, weathering brown__--____-___-_ 
Paradoxides hicksi Salter (a). 
Agraulos socialis Billings (a). 
Solenopleura ? sp. undet. (va). 
Agnostus cf. acadicus declivis Matthew (r). 
Agnostus nudus (Beyrich) (r). 
Agnostus barrandei Salter (r). 

69. Soft dark gray shale, weathering brown___---~------~- 
Paradoxides hicksi Salter (a). 
Solenopleura cf. applanata (Salter) (1). 
Agraulos socialis Billings (a). 
Eodiscus punctatus (Salter) (1). 
Agnostus cf. nudus (Beyrich) (r). 
Agnostus fissus Lundgren MS (c). 
Brachiopod gen. and sp. undet. (1). 

68, Dark gray limestone=2—-_=—-—-- == == = _____ 
No fossils found. 

GiemGreenish oray, Snales === ee 
Paradoxides hicksi Salter (a). 
Solenopleura cf. applanata (Salter) (1). 
Agraulos socialis Billings (a). 
°Conocoryphe cf. equalis Linnarsson (r). 
Eodisecus punctatus (Salter) (va). 


66. Dark bluish gray shale with a 1-inch limestone bed an 
inch below the top. The shale contains small black, 
probably phosphatic, nodules, an inch or less in 
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diameter 22422222 2 ee ee ee 
Paradoxides hicksi Salter (a). 
Agraulos socialis Billings (c). 
Agnostus sp. undet. (r). 


. Soft blue, brown-weathering shale with a 1-inch bed 


of limestone 2 inches above the base____-__-__-_____ 
Paradoxides hicksi Salter (c). 
Agraulos socialis Billings (c). 
Agnostus cf. fallax Linnarsson (r). 
Agnostus rex (Barrande) (r). 
Agnostus barrandei Salter (r). 
Soft, slightly pyritiferous, bluish gray shale, weather- 
ing sbrow Nis Se oe oe ee ee 
Paradoxides hicksi Salter (c). 
Agraulos socialis Billings (c). 
Agnostus barrandei Salter (r). 
Agnostus cf. fallax Linnarsson (r). 
Agnostus fissus. Lundgren MS (c). 
Dark sorays limes tor ce eee ees eee ee een eee ee 
No fossils found. 


Heavy-bedded, brown-weathering blue shale, becoming 
a limestone in its lower inch at some places along 
TG: TOUL CTO Derr ee 

Paradoxides hicksi Salter (c). 
Agyraulos socialis Billings (c). 
Soft, thin-bedded, dark blue shale, weathering brown__ 
Paradoxides hicksi Salter (r). 
Agyraulos socialis Billings (r). 

White clay, containing small pieces of soft dark blue 

shale 22.2595. 0s ie ees Se oe ee 
No fossils found. 
Soft, thin-bedded, dark blue shale, similar to the shale 


No fossils found. 

Heavy-bedded, hard, tough, brownish gray shales, alter- 
nating with thinner-bedded black shales. Some of 
the bedding surfaces are smooth and some are 
rough. Occasional thin nodules of dark gray lime- 
stone, up to 1 foot or more in diameter, occur in 
the ‘shale 2222 See ee eee 

Paradoxides hicksi Salter (a). 
Agraulos socialis Billings (a). 
Agnostus fissus Lundgren MS (c). 
Agnostus barrandei Salter (r). 


. Soft pyritiferous black shale, the upper 6 inches softer 


and more fossiliferous than the lower 5 
Paradoxides hicksi Salter (c). 
Centropleura ? sp. undet. (1). 
Solenopleura cf. applanata (Salter) (r). 
Agraulos socialis Billings (c). 

Agnostus cf. acadicus declivis Matthew (r). 
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Agnostus rex (Barrande) (r). 
Agnostus fissus Lundgren MS (a). 
Agnostus barrandei Salter (r). 
Brachiopod gen. and sp. undet. (r). 
Hyolithid gen. and sp. undet. (r). 
56. Thin-bedded, hard, brown-weathering dark gray shale, 
with a %-inch bed of dark gray limestone at the top 
Paradoxides hicksi Salter (c). 
Agraulos socialis Billings (c). 
Agnostus cf. acadicus declivis Matthew (r). 


55. Dark gray shale, weathering brown_-_______________ 
Paradoxides hicksi Salter (c). 
Solenopleura cf. applanata (Salter) (r). 
Agraulos socialis Billings (a). 
Agnostus cf. acadicus declivis Matthew (c). 
Agnostus barrandei Salter (r). 
/Alga ? (a). 


54. Soft black shale. Not as soft as the soft black shales 
of the lower part of the Paradoxides davidis zone___ 
Paradoxides hicksi Salter (r). 
Agraulos socialis Billings (c). 
Eodiscus punctatus (Salter) (r). 
Agnostus cf. acadicus declivis Matthew (a). 


58. Dark gray shale, with a few thin black shales in the 
' UP Dera PAGGE =a ee ee ee Oe ere ee eS 
Paradoxides hicksi Salter (a). 
Agraulos socialis Billings (va). 
Agnostus cf. acadicus declivis Matthew (c). 
Alga ? (a). 

52. Dark gray shale, weathering brown. Contains a few 
thin nodules of gray limestone near its base, and a 
very few small, yellow-weathering, pyritiferous 
masses, like those shown in beds 50 and 51____-____ 

Paradoxides hicksi Salter (a). 
/Paradoxides cf. abenacus Matthew (r). 
Agraulos socialis Billings (va). 

Eodiscus punctatus (Salter) (r). 

Agnostus cf. fallax Linnarsson (r). 
Agnostus cf. acadicus declivis Matthew (c). 
Agnostus rex (Barrande) (r). 

Alga ? (r). 

51. Dark gray, brown-weathering, shales, greenish in 
places, with a %4-inch bed of dark gray limestone 
2 inches above the base. Contains a very few yellow- 
weathering pyritiferous masses, like those in beds 
0) Geil GP So pas eee ee ee ee 

Paradoxides sp. undet. (1). 

Paradoxides hicksi Salter (1). 
°Paradoxides cf. abenacus Matthew (r). 
Agraulos socialis Billings (va). 
Eodiscus punctatus (Salter) (r). 
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Agnostus cf. acadicus declivis Matthew (c). 
Agnostus granulatus (Barrande) (1). 
Agnostus fissus Lundgren MS (r). 
Agnostus barrandei Salter (r). 

Hyolithid gen. and sp. undet. (1). 

Alga ? (r). 


50. Dark gray shale, containing a very few of the small, 


49. Thinly and evenly bedded black shale 


48. Soft black shale, full of agnostids 


47. Thin-bedded gray and olive gray shales 


46. Hard gray shale_ 


yellow-weathering, pyritiferous masses that occur 
commonly in the beds below. In beds 50 to 52 these 
masses are smaller than in some of the lower beds, 
being only an inch or less in diameter. This bed is 
sliohtly harder thant beds 5 la =e= esa eee 

Paradoxides sp. undet. (r). 

Agraulos socialis Billings( va). 

Agnostus cf. parvifrons tessella Matthew (c). 


Paradoxides cf. eteminicus Matthew (r). 
Paradoxides hicksi Salter (c). 

Agraulos socialis Billings( va). 
Agnostus sp. undet. (r). 


°Solenopleura cf. applanata (Salter) (r). 
Agnostus cf. acadicus declivis Matthew (c). 
Agnostus barrandei Salter (r). 

°Aegnostus cf. parvifrons tessella Matthew (a). 

/°Agnostus cf. gibbus hybrida Brogger (va). 

°Acrotreta misera( Billings) (a). 

Hyolithid gen. and sp. undet. (a). 

The presence of this soft black shale, full of 
agnostids—especially Agnostus cf. gibbus hybrida, 
which is not known to occur elsewhere in the sec- 
tion—among heavier gray shales with comparatively 
few agnostids, is noteworthy. 


Paradoxides sp. undet. (c). 
Agnostus barrandei Salter (r). 
Alga ? (c). 


Paradoxides hicksi Salter (a). 
Agraulos socialis Billings (a). 
Agnostus rex (Barande) (r). 
Agnostus granulatus (Barrande) (r). 


45. Heavy-bedded, hard, grayish black shale, containing a 


few small lens-shaped, yellow-weathering, pyritifer- 

ous masses, like those in beds 50 to 52 
Paradoxides sp. undet. (r). 
Paradoxides hicksi Salter (c). 
Agraulos socialis Billings (va). 
Agnostus cf. fallax Linnarsson. (r). 
Agnostus cf. nudus (Beyrich) (r). 
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“Alga ? (c). 


44. Thin-bedded blackish gray and brownish gray shale, 
blacker and heavier-bedded below than above, and 
containing a few small lens-shaped, yellow-weather- 
INGE PYLivILehOUS IMASSeS=— see ee nL Sie ees 

Paradoxides hicksi Salter (c). 

Agyraulos socialis Billings (va). 
Hodiscus punctatus (Salter) (r). 
Agnostus acadicus declivis Matthew (r). 
°Agnostus cf. nudus (Beyrich) (r). 
Agnostus rex (Barrande) (r). 
Stenotheca sp. undet. (r). 


43. Hard, brown-weathering gray shale, heavy-bedded in 
its lower half, but somewhat thinner-bedded above__ 

Paradoxides hicksi Salter (c). 
Agraulos socialis Billings (va). 
°“Agnostus cf. fallax Linnarsson (r). 
Agnostus acadicus declivis Matthew (r). 
Agnostus rex (Barrande) (r). 
Agnostus granulatus (Barrande) (r). 
Agnostus barrandei Salter (c). 
Hyolithid gen. and sp. undet. (r). 


42. White clay, underlain by % inch of gray shale, having 
an uneven upper surface____-___ ee 
No fossils found. 


41. Thin-bedded, brown weathering, gray shale, containing 
occasional thin lenses of dark gray limestone, and 
numerous thin sheets of yellow-weathering, probably 
pyritiferous, material, some of which are a foot or 
more across. The bottom % inch of the bed is hard 
gray shale. The fossils are well preserved_________ 

Paradoxides sp. undet. (possibly P. bennetti 

Salter) (r). 

Paradoxides hicksi Salter (c). 

/Conocoryphe elegans (Hartt) (r). 

Agraulos socialis Billings (c). 

Agnostus cf. acadicus declivis Matthew (r). 

°Agnostus fissus Lundgren MS (c). 

°Agnostus barrandei Salter (c). 

Lingulella ferruginea Salter (r). 

Hyolithid gen. and sp. undet. (r). 

The faunas of this bed and of beds 37 to 40 are 
somewhat transitional between the typical bennetti 
and hicksi faunas. 


40. Dark gray, brown-weathering shale, softer than the 
beds just below, and having uneven bedding planes, 
especially in its lower half. Contains a few thin 
limy lenses, and many scattered crystals of barite, 
aboub 14 of an inch long=-222. = — cafe ca aps See 

Paradoxides hicksi Salter (r). 
/Liostracus tener (Hartt) (va). 
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Conocoryphe elegans (Hartt) (c). 

Agraulos socialis Billings (1). 

°Hodiscus punctatus (Salter) (7). 
°Agnostus cf. acadicus declivis Matthew (r). 
Lingulella ferruginea Salter (c). 


. Hard, heavy-bedded, very dark gore shale, weathering 


blake kw ea eee gs ie ees. 
Paradoxides sp. undet. (r). 
Liostracus tener (Hartt) (1). 
Lingulella ferruginea Salter (c). 


. Hard, heavy-bedded, very dark gray shale, weathering 


black. Contains many small crystals of barite and 
numerous small black concretions of undetermined 
chemical composition ke ae 
Liostracus tener (Hartt) “(e). 
Lingulella ferruginea Salter (c). 


Hard, tough, heavy-bedded, dark gray shale, containing 
thin lenses and beds of dark gray limestone. Has a 
1-inch bed of nodular shale at the base. Beneath one 
of the limestone beds, 5 inches above the base are 
2 or 8 inches of bluish shale with an uneven upper 
surface, but no evidence of ripple marks or erosion__ 

°Paradoxides hicksi Salter (r). 
°Agraulos socialis Billings (c). 
Lingulella ferruginea Salter (a). 

One-half inch of soft blue shale, underlain by 1% inches 
of unctuous white clay. The clay, like the similar, 
but thinner ones, in the beds above, is probably the 
result of the weathering of a shale bed 

No fossils found. 
This is the lowest bed of the “Paradoxides hicksi 
zone of this paper. 


Paradoxides sp. undet. (probably P. bennetti 
Salter) (1). 

/Paradoxides eteminicus Matthew (c). 

Liostracus tener (Hartt) (c). 

/Bailiella cf. baileyi (Hartt) (7). 

/Harttella matthewi (Hartt) (r). 

Linguella ferruginea Salter (a). 

Acrothele matthewi (Hortt) (c). 

This is the top bed of the “Paradoxides benne?ti 
zone” of this paper. 


34. Hard, well-bedded, brown-weathering, black shale, con- 


taining many small crystals of barite____ 
Paradoxides sp. undet. (probably P. bennetti 
Salter) (r). 
Paradoxides eteminicus Matthew (a). 
Liostracus tener (Hartt) (x). 
Conocoryphe elegans (Hartt) (1). 
Bailiella cf. bailevi (Hartt) (r). 
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Harttella matthewi (Hartt) (r). 

Lingulella ferruginea Salter (va). 

Acrothele matthewi (Hartt) (c). 

Brachiopod gen. and sp. undet. (r). 

This bed is remarkable for an abundance of 


brachiopods and a comparative scarcity of trilobites. 


33. Olive shale, breaking with a conchoidal fracture and 


full of small nodules of gray limestone____________ 


Paradoxides sp. undet. (probably P. bennetti 
Salter) (r). 

Paradoxides eteminicus Matthew (a). 

Liostracus tener (Hartt) (r). 

Bailiella cf. baileyi (Hartt) (r). 

Lingulella ferruginea Salter (c). 

Acrothele matthewi (Hartt) (c). 


32. Olive shale, breaking with a conchoidal fracture and 


containing at some horizons many small limy nodules, 
which vary from 2 to 6 or more inches in diameter__ 


/Paradoxides bennetti Salter (r). 
Poaradoxides eteminicus Matthew (a). 
Liostracus tener (Hartt) (r). 
Builiella cf. baileyi (Hartt) (r). 
Harttella matthewi (Hartt) (1). 
Lingulella ferruginea Salter (c). 
Acrothele matthewi (Hartt) (c). 


31. Olive shale, breaking with a conchoidal fracture and 


containing many small limy nodules in some of its 
EN ASREL Sok SS a ee a oe ai See pe eel ee a 


Paradoxides bennetti “Salter (Oye 
Paradoxides eteminicus Matthew (va). 
Liostracus tener (Hartt) (r). 
/Liostracus ouangondianus (Hartt) (1). 
Conocoryphe elegans (Hartt) (r). 
Bailiella cf. baileyi (Hartt) (r). 
Harttella matthewi (Hartt) (r). 
/Agnostus cf. fallax trilobatus Matthew (r). 
Agnostus cf. rex (Barrande) (r). 
Lingulella ferruginea Salter (c). 
Acrothele matthewi (Hartt) (c). 
Brachiopod gen. and sp. undet. (r). 


30. Hard dark gray and olive gray shales, breaking with 


AMCONCHOLOA hac Cree ee en ee ee 


Paradoxides bennetti Salter (r). 
Paradoxides eteminicus Matthew (r). 
Liostracus tener (Hartt) (r). 
Lingulella ferruginea Salter (c). 
Acrothele matthewi (Hartt) (c). 
Brachiopod gen. and sp. undet. (r). 


29. Hard, heavy-bedded, olive shale, with some of its layers 


full GOLMIMestone noduless= anes ee os es Se 


Paradoxides bennetti Salter (c). 
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\ Paradoxides eteminicus Matthew (a). 
Liostracus tener (Hartt) (a). 
Liostracus ouangondianus (Hartt) (a). 
Conocoryphe elegans (Haitt) (”). 
Bailiella cf. baileyi (Hartt) (1). 
Harttella matthewi (Hartt) (c). 
Agnostus cf. fallax trilobatus Matthew (*)- 
Agnostus cf. rex (Barrande) (c). 
Agnostus granulatus (Barrande) (r). 
Lingulella ferruginea Salter (c). 
Aczothele matthewi (Hartt) (a). 
/Acrotreta gemmula Matthew (r). 

28. Dark -gray shale______ a 2 ae Nae. 
Paradoxides bennetti Salter (c). 
Paradoxides eteminicus Matihew (a). 
Liostracus tener (Hartt) (a). 
Liostracus ouangondianus (Hartt) (c).. 
Conocoryphe elegans (Hartt) (c). 
Harttella matthewi (Hartt) (1). 
Agnostus granulatus (Barrande) (r). 
Agnostus cf. rex (Barrande) (r). 
/Agnostus barlowi definitus n. var. (Yr>. 
Lingulella ferruginea Salter (1). 
Acrothele matthewi (Hartt) (c). 
Acrotreta cf. gemmula Matthew (vr). 


27. Olive shale full of limestone nodules_________~__ = 
Paradoxides bennetti Salter (%). 
Paradoxides eteminicus Matthew (c). 
Liostracus tener (Hartt) (c). 
Conocoryphe elegans (Hartt) (1). 
Harttella matthewi (Hartt) (c). 
Eoorthis sp. undet. (1). 


26. Hard olive shale, breaking with a conchoidal fracture__ 
Paradoxides bennetti Salter (c). 
Paradoxides eteminicus Matthew (a). 
/Paradoxides parvoculus n. sp. (1%). 
Liostracus tener (Hartt) (c). 

Liostracus ouangondianus (Hartt) (a). 
Conocoryphe elegans (Hartt) (1). 

Harttella matthewi (Hartt) (a). 

Agnostus cf. fallax trilobatus Matthew (c). 
°“Agnostus cf. exaratus tenuis Illing (7). 
Agnostus cf. rex (Barrande) (a). 

Agnostus barlowi definitus n. var. (1). 
Lingulella ferruginea Salter (c). 

Acrothele matthewi (Hartt) (c). 


25. Olive shale, full of nodules of tough gray limestone 
Paradoxides eteminicus Matthew (c). 
*Liostracus tener (Hartt) (1). 
Conocoryphe elegans (Hartt) (1). 
Bailiella cf. baileyi (Hartt) (r). 
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ios) 


Harttella matthewi (Hartt) (c). 
Agnostus cf. rex (Barrande) (x). 
Eoorthis sp. undet. (r). 
Linguiella ferruginea Salter (r). 


24. Tough, nodular gray limestone, with uneven upper 
and lower surfaces that are probably due to the 
nodular character of the bed and not to erosion____ 

Paradoxides bennetti Salter (c). 
Paradoxides eteminicus Matthew (c). 


23. Hard, well-bedded, olive and bluish gray shale, break- 
ing with a conchoidal fracture and containing occa- 
sional aggregations of tiny black, probably phos- 
phatic, nodules and a few small concretions of pyrite. 
Holds many well preserved fossils, including some 
whole trilobites ____ aes Ae ee es 


Paradoxides eteminicus Matthew (a). 

°Paradoxides parvoculus n. sp. (r). 

Liostracus ouangondianus (Hartt) (a). 

°“Conocoryphe elégans (Hartt) (1). 

*Bailiella cf. baileyi (Hartt) (r). 

Harttella matthewi (Hartt) (a). : 

Agnostus cf. fallax trilobotus Matthew (c). 

Agnosius cf. rex (Barrande) (a). 

°“Agnostus granulatus (Barrande) (a). | 

/°Agnosius clare n. sp. (r). 

°Agnostus barlowi definitus n. var. (1). 

Lingulella ferruginea Salter (c). 

Acrothele matthewi (Hartt) (c). 

Almost entire specimens of Paradoxides ben- 
netti, Liostracus ounangondianus, Conocoryphe 
elegans, and Harttella matthewi were collected from 
this bed. 


22 Olive shale. much slickensided against the nodular 
upper surface of bed 21______ ae eee E mes 
Paradoxides bennetti Salter (c). 
Paradoxides eteminicus Matthew (c). 
Harttella matthewi (Hartt) (a). 
/°Hoorthis cf. papias (Walcott) (r). 


21. Hard, tough, nodular gray limestone, with uneven 
upper and lower surfaces, which are probably due to 
the nodular character of the bed and not to erosion. 
Contains scatvered crystals of pyrite=—--=——-=— ==. 

Paradoxides bennetti Salter (r). 
Paradoxides eteminicus Matthew (c). 
/°Paradoxides lamellatus Hartt (r). 
Liostracus cf. ouangondianus (Hartt) (r). 
°Harttella matthewi (Hartt) (c). 
Linguella ferrugine Salter (r). 

Acrothele sp. undet. (1). 

°Acrotreta cf. gemmula Matthew (r). 
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/°Micromitra (Iphidella) cf. ornatella (Linnars- 
Son) (Ge). 
Stenotheca sp. undet. (r). 


20. Alternating beds of greenish gray and bluish gray 
shales, which break with a conchoidal fracture and 
weather olive brown. They vary in hardness, but 
none of them are soft —_ San eee es 

No fossils found. 

These unfossiliferous shales and the similar 
shales of beds 6 to 18, below, are in marked contrast 
with the generally richly fossiliferous shales of the 
rest of the section. 


15. Two beds of tough, nodular, shaly gray limestone, 16 
and 18 inches thick, with 6-inch beds of bluish gray 
shale between, above, and below them____________ 

Paradoxides bennetti Salter (c). 
°Paradoxides cf. eteminicus Matthew (c). 
Liostracus cf. ouangondianus (Hartt) (c). 
/°Conocoryphe bullata n. sp. (Yr). 
/°Goniodiseus dawscni (Hartt) (1). 
Agnostus cf. rex (Barrande) (r). 
Lingulella ferruginea Salter (1). 

Eoorthis sp. undet. (r). 

B-achiopod gen. and sp. undet. (1). 


18. Alternating beds of bluish gray and olive gray shales. 
The beds are usually several feet in thickness, and 
grade very gradually into each other___ = 

No fossils found. 


17. Bluisheeray (shales:,” Hossils: very: tares== sss. 
Liostracus cf. ouangondianus (Hartt) (r). 


16. Alternating beds of light bluish gray and olive gray 
shales, grod’ng very graduzlly in*o ech other. The 
beds vary from a few inches to several feet in thick- 
ness, and sometimes change from the one color to the 
other along the strike___ 

No fossils found. 


15. Olive gray shale, harder and hervier-bedded than 16, 
17, and 18. A few of the beds contain numbers of 
lens-shaped cavities, 6 inches to 3 feet in diameter, 
which have probably been formed by the weathering 
of pyrite nodules. Fossils very rare__ ee 

Paradoxides sp. undet. (r). 
*Liostracus cf. ouangondianus (Hartt) (1). 
Hyolithid gen. and sp. undet. (r). 

14 ark bluish gray shale, weathering brown. More 

finely bedded than the shales of 13 and 15 
No fossils found. 

13. Herd, heavy-bedded, olive shale, containing many black, 
probably phosphatic, nodules in some of its beds. 
Lenses of dark gray limestone, with uneven upper 
and lower surfaces, occur in the shales. These 
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lenses vary from a few inches to a foot or more in 
thickness, and are usually from one to four or more 
REGIE UN RCOY CD Sh GRRL il uti ofits eels tae aati Meindl aa 
Paradoxides bennetti Salter (1). 
Dark olive gray shale, not so hard as the shales of 
USL ERO O US LS) cet Sle ys ee ate PE ee AOR ee 
No fossils found. 
Hard, heavy-bedded, dark gray shale_________________ 
No fossils found. 
Dark gray shale, not so hard as the shales of 8 and 11_ 
Paradoxides sp. undet. (probably P. bennetti 
Salter) (r). 
Lingulella ferruginea Salter (r). 
Acrothele cf. matthewi (Hartt) (x). 
Hyolithid gen. and sp. undet. (r). 


. Dark olive gray shale, not so hard as the shales of 


SLT) Clie tol aes SR en ee eS etn Ae 
No fossils found. 


. Hard, heavy-bedded, bluish gray shale, weathering red- 


dish brown on joint and bedding planes, and breaking 
with a conchoidal fracture. Contains a little man- 
ganese _____ Selene Cee a fe ER ee as ae > 
Paradoxides bennetti Salter (r). 
/°Ptychoparia rogersi Walcott (1). 
/°Agraulos cf. affinis Billings (1). 
°Agnosius cf. fallax trilobatus Matthew (r). 
°Agnostus cf. rex (Barrande) (r). 


. Hard, heavy-bedded, olive shale, breaking with a conch- 


oidal fracture. Contains manganese and weathers 


[ONY ck eR ie ee a eee 1D keto 
Paradoxides bennetti Salter (7). 


. Olive shale, softer than 4 and 7, and containing many 


small black, probably phosphatic, nodules. Contains 
some manganese and weathers black________-______ 
°Paradoxides bennetti Salter (c). 


. Olive shale, softer than 4 and 7, and full of fragments 


of a large trilobite. The shale contains some man- 

ganese and weathers black____- SE eas co a Set 

Paradoxides ? sp. undet. (probably Paradoxides 
bennetti Salter) (va). 


Hard, tough, nodular manganiferous, calcareous, shale, 
with uneven upper and lower surfaces, which are 
apparently due to the nodular character of the bed 
and not to erosion. Contains many small black phos- 
DMAtiCeNOCULES See =e an 

Hyolithid gen. and sp. undet. (a). 


. Hard, greenish gray shale, containing in some of its 


layers many small black phosphatic nodules, which 

areawhiteewhens weavheredes. see == oe 

Paradoxides ? sp. undet. (probably Paradoxides 
bennetti Salter) (Yr). 
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*Lingulella cf. ferruginea Salter (r). 

°Acrothele cf. matthewi (Hartt) (r). 

The small black nodules are not evenly distrib- 
uted through the bed, but are usually arranged in 
bands or bunches. The fossils are found in the beds 
that hold the fewest nodules. 


2. Hard dark blue shale, containing many small black 
phosphatic nodules, which are more abundant in some 
layers than in others = Les 
Paradoxides ? sp. undet. ‘(probably Paradoxides 
bennetti Salter) (r)}. 
The fosils, which are rare and fragmentary, are 
found only in the layers in which the nodules are 
least abundant. 


1. Hard, tough, nodular, manganiferous, argillaceous, 
dolomite. Has uneven upper and lower surfaces. 
which are probably due to the nodular character of 
the bed and not to erosion. Contains much phos- 
phatic material, barite, and hematite. Fossils frag- 
Mente and Sere hie 1S 

Brachiopod gen. and. sp. ‘undet. “(r). 

Hyolithid gen. and sp. undet. (r). 

Sponge gen. and sp. undet. (r). 

This is the bottom bed of the ‘‘Paradoxides ben- 
netti zone,” and therefore the lowest of the ‘“Para- 
doxides beds” of this paper. It has been described 
in detail by Dr. Dale, as bed “219A11” (Dale, 1915, 
pp. 405-407). 


Total thickness==— 2. ——— s 


Further work will probably extend the vertical ranves 
of most of the species included in these faunal lists and will 
surely add many new names. There are at the present time 
in the Princeton collections from the davidis zone at 
Manuels the following six forms, which are not mentioned 
in these lists because the exact stratigraphical horizons 
from which they came are unknown: Ctenocephalus corona- 
tus (Barrande), Agnostus cf. planicauda Angelin, Agnos- 
tus bifurcatus Illine, Agnostus barlowi Belt, Agnostus rec- 
tancularis n. sp., and Acrotreta sacittalis (Salter) Future 
stuties will probably show in which beds these forms occur. 

Of the 25 wenera included in the above lists, 1 (Proto- 
spongia) is a sponge, 1 (Hyolithes) is a pteropod, 1 (Steno: 
theca) is a gasteropod, 6 (Acrothele, Acrotreta, Eoorthis, 
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Lingulella, Micromitra (Iphidella), and Obolus) are brachi- 
pods, and the remaining 16 (Agnostus, Agraulos, Bailiella, 
Centropleura, - Conocoryphe, Corynexochus, Ctenocephalus, 
Eodiscus, Goniodiscus, Hartshillia, Harttella, Holocephalina, 
Liostracus, Paradoxides, Ptychoparia, and Solenopleura) 
are trilobites. Algze are also probably represented. 


DISCUSSION OF THE STRATIGRAPHY 


The classification of the subdivisions of the Paradox- 
ides beds at Manuels that is used in this paper is shown in 
Table I, p. 12. The beds are there referred to the Acadian 
epoch of the Cambrian period. In 1874 Murray wrote of 
the shales exposed in the gorge of Manuels Brook as “my 
Manuel’s River rocks” (Weston, 1898, p. 153), and in 1889 
Mr. Howley mentioned “the Manual Creek shales just above 
the Topsail Head limestone” (Howley, 1889, p. 123) ; but it 
is doubtful whether either of these authors intended to use 
their terms strictly in the sense of formation names; at any 
rate, they did not define them as such. In 1888 Dr. Walcott 
spoke of the Paradoxides beds of southeastern Newfound- 
land as the “Newfoundland” beds (Walcott, 1888a, p. 399). 
In 1914 Professor vanIngen (1914b) described the Para- 
doxides beds about Conception and Trinity Bays as the 
“Manuels series,” composed of a single formation, which he 
called the ‘Manuels formation” (see Table III, p. 20). 
The known Paradoxides beds at Manuels and elsewhere in 
southeastern Newfoundland appear, however, to be divisible 
into at least three distinct formational units, and the writer 
therefore suggests, with Professor vanIngen’s approval, 
that the term “‘Manuels” be abandoned as a formation name 
and retained in its larger sense alone. In the present paper 
Dr. Walcott’s term ‘‘Newfoundland” is used as a general 
series name for all the Paradoxides beds of southeastern 
Newfoundland (some of which differ lithologically from the 
Paradoxides beds at Manuels), and Professor vanIngen’s 
series name “Manuels’” is restricted to the Paradoxides beds 
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of the Conception Bay region, where the lithological char- 
acter of the beds appears to be everyhere approximately the 
same as it is at the type locality, Manuels. It is possible 
that the Paradoxides beds of Newfoundland do not repre- 
sent a whole “series,” in the sense in which that term was 
defined by the International Geological Congress of 1900; 
but the course suggested above would seem to be the best 
one to pursue at the present time. (This question is dis- 
cussed further in Chapter VII. 

The three major units into which the beds known to 
contain Paradoxides at Manuels seem to be most naturally 
divisible, both lithologically and faunally, are here named 
the Chamberlin’s Brook formation, the Long Pond forma- 
tion, and the Kelligrew Brook formation. The Chamber- 
lin’s Brook formation, which is the oldest of the three, out- 
crops in the banks of Chamberlin’s Brook, a mile or two 
northeast of Manuels. It contains a fauna whose most char- 
acteristic species is the big trilobite, Paradoxides bennetti. 
(This species is perhaps identical with the earlier described 
one, Paradoxides harlani Green, of Massachusetts, and it is 
possible that the zone ought to be called the ‘harlani zone’; 
but until the Newfoundland and Massachusetts fossils can 
be proved to be referable to a single species, it seems best 
to continue to use the name bennetti. See pages 60, 61). 
The Long Pond formation, whose type locality is on the 
shores of Long Pond, a couple of miles southwest of Man- 
uels, is characterized by a smaller Paradoxides, P. hicksi. 
The Kelligrew Brook formation is exposed on the northeast 
side of the valley of Kelligrew Brook, about five miles south- 
west of Manuels. It is distinguished by the presence of 
another large trilobite, Paradoxides davidis. 

It is not known whether these divisions should be con- 
sidered as “stages” or as “zones” when measured by the 
stratigraphic units of the International Geological Con- 


gress. In the present paper they will be spoken of as 
“formations” or “zones.” They are probably recognizable 


as lithologic units (formations) throughout the Conception 
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Bay region, and as faunal units (zones) throughout south- 
eastern Newfoundland. As no subdivisions of Acadian time 
that are applicable to the whole world have yet been defined 
by students of Cambrian history, it is not possible to refer 
these zones to any smaller universal time units. 

The Chamberlin’s Brook, Long Pond, and Kelligrew 
Brook formations grade gradually into each other. The 
same is true of the bennetti, hicksi, and davidis faunas. It 
has therefore been found necessary to draw the exact verti- 
cal boundaries between the zones more or less arbitrarily. 
The zones may be characterized briefly as follows, begin- 
ning with the highest: 


III. Paradoxides davidis zone (Kelligrew Brook formation). 
Beds 93 to 125; 31 feet thick. 


Soft black and gray shales, the latter often containing 
flat nodules and lenses of dark gray limestone, which are 
sometimes as much as 6 feet in diameter and 1 foot in thick- 
ness. Small nodules of pyrite are common in the upper 414 
feet. A bed, 1 to 2 inches thick and full of small black 
phosphatic nodules, occurs 24 feet above the base, and there 
is a similar, but slightly thicker, bed at the summit. Fossils 
are common in almost all of the beds and are very abundant 
in many of them, especially in the softer shales, which are 
often full of agnostids and other trilobites. 


II. Paradoxides hicksi zone (Long Pond formation). 
Beds 36 to 92; 37 feet thick. 


The lower 25 feet are composed of heavy-bedded, 
brown-weathering and black-weathering, dark gray shales 
(with a few thin beds of soft black shale and some thin limy 
layers and lenses in their lower part) which grade upward 
into 10 feet of softer gray and black shales containing small 
lenses and nodules of limestone. Small concretions of pyrite 
occur at various horizons. The top is a 4-inch bed of dark 
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gray limestone; the bottom is a 114-inch layer of unctuous 
white clay. Fossils are common in most of the beds, and 
agnostids are very abundant in many of the soft black 
shales. 


I. Paradoxides bennetti zone (Chamberlin’s Brook forma- 
tion). Beds 1 to 35; 234 feet thick. 


Hard olive gray, and somewhat softer bluish gray, 
shales, with several beds of impure nodular limestone. Two 
of the limestone beds are at the base, about two feet apart, 
a third is 134 feet above the base, and the others are scat- 
tered through the upper 1314 feet. A few of the shale beds 
in the upper 1314 feet are full of small limestone nodules. 
Small black phosphatic nodules, usually an inch or less in 
diameter, occur commonly in the lower 2 feet and 11 inches, 
and bodies of similar size and appearance, some or all of 
which are probably phosphatic, are found occasionally in 
the shales of the rest of the zone. Lens-shaped cavities, 
varying from a fraction of an inch to 6 inches or more in 
diameter and wholly or partly filled with a yellow earthy 
material that appears to have resulted from the weathering 
of pyrite concretions, occur at several horizons, especially in 
the 40 feet of olive gray shale that overlie the lower 28 feet. 
The shales break with a conchoidal fracture. The two low- 
_ est limestone beds (beds 1 and 4) are manganiferous. The 
shales are mostly barren except in the upper 1314 feet, 
where they contain many fossils and appear to be limier 
than below. The limestones are fossiliferous. 

The beds of these three divisions appear to occur in an 
unbroken stratigraphic succession from the heavy-bedded, 
hard, olive gray and bluish gray shales of the bennetti zone, 
through the somewhat thinner-bedded, softer and darker 
shales of the hicksi zone, up to the predominately thin- 
bedded soft black shales of the davidis zone. The shales of 
the bennetti zone usually weather to a very dark olive brown 
color, those of the hicksi zone to brown or brownish black, 
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and those of the davidis zone to black (except where stained 
brown by the weathering of pyrite). The limestones of the 
bennetti zone are generally light gray or pinkish in color, 
and occur in thin beds or in roughly oval or spheroidal 
nodules that appear to be of the same general type as the 
limestone nodules commonly found in the pre-Paradoxides 
beds of the Conception Bay region. The limestones of the 
hicksi zone are generally thinner than those of the bennetti 
zone, have smoother bedding planes, and occur usually as 
discontinuous sheets or thin lenses, rather than as continu- 
ous beds, and are dark gray, instead of light gray or pink, 
in color. In many ways they resemble the limestones of the 
overlying davidis zone, in which zone the limestones are not 
found as continuous beds, but as lenses and nodules, some 
of which are as much as a foot in thickness and six feet 
- in diameter. Two beds filled with small masses of phos- 
phatic material are present in the davidis zone—one at the 
top of the zone and the other 7 feet below it—and phos- 
phatic bodies occur more or less abundantly in many of the 
shales of each of the three zones and in the two lowest lime- 
stones (beds 1 and 4) of the bennetti zone. The phosphatic 
bodies in the bed at the top of the davidis zone, and in the 
similar bed 7 feet below, sometimes contain fossils. Pyrite 
is common in all the zones, but is most abundant in the 
upper two. It usually occurs in small concretions and lenses, 
up to an inch or more in diameter, or in thin sheets, a small 
fraction of an inch thick. Some of the pyrite is associated 
with fossils. In a few instances hyolithid shells seem to 
have been filled with it. Barite is present in the dolomitic 
limestone (bed 1), at the bottom of the bennitti zone, and in 
the hard black shlaes of beds 38 and 40, near the base of the 
hicksi zone. In the latter two beds it occurs as little crys- 
tals, about 14 of an inch long, scattered irregularly through 
the black shales. Thin beds of unctuous white clay, appar- 
ently derived from the decomposition of some sort of a 
shale, occur at several horizons in the hicksi and davidis 


Zones. 
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The writer has discerned no good evidence of sub-zrial 
erosion in any part of the Paradoxides section at Manuels. 
The varied character of the sediments involved proves that 
the conditions of deposition changed from time to time. 
Some of the beds, such as the phosphatic ones at the base 
and summit, may possibly indicate some sort of strati- 
eraphical break, for some or all of their phosphatic bodies 
may really be pebbles that have been rolled into place; but 
no good evidence of the erosion of any bed after its con- 
solidation has been found, nor have any sun cracks or indu- 
bitable ripple marks been discovered. More field work will 
probably have to be done before these questions can be 
finally answered. The upper and lower surfaces of bed 1 
are uneven. Dr. Dale (1915, p. 406) has stated that the 
upper surface is ripple marked, and when looked at in cross 
section, it does appear to be so; but in the late summer, 
when there is comparatively little water in the brook, sev- 
eral square yards of it are exposed, presenting evidence 
that the uneveness should probably be interpreted in a dif- 
ferent way. The bed is divided by joint planes into roughly 
rectangular pieces with approximately square upper faces, 
so that, when viewed from above, it looks like a pavement of 
blocks. The upper face of each block has an area of about 
one square foot, and is slightly higher in the center than 


around the edges. Blocks whose upper portions have been 
removed by erosion show a black central core, which shows 


evidence of being more resistant than the rest of the mass, 
and seems to indicate that each block is essentially a nodule 
and that the unevenness of the upper and lower surfaces 
of the bed is due to these nodules rather than to ripple mark- 
ing or erosion. Bed 4 shows the same features, although in 
a less pronounced degree, and beds 21 and 24 have similar, 
but less regular, nodular structures and uneven upper and 
lower surfaces. Bed 27 seems to be much like bed 24, except 
that its individual nodules have not originated near enough 
to each other, or have not grown large enough, to form a 
continuous bed of limestone, so that a shale full of limestone 


——s 
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nodules has resulted instead. 

Bed 125 seems to have been interpreted by Dr. Walcot 
as a true basal conglomerate, for in notes on the Manuels 
Brook Cambrian section, published in 1900 (Walcott, 1900, 
p. 317), he says: “Six feet above the thickest band of lime- 
stone, in which Paradoxides davidis occurs, there is a thin 
layer of calcareous conglomerate, varying from 2 to 6 inches 
in thickness. It contains many dark argillaceous concre- 
tions, also pebbles of a reddish siliceous rock. This narrow 
band of conglomerate is found on both sides of the 1i 
and is taken as the base of the Upper Cambrian. Of* the 
fauna occurring below it one species of Agnostus and one 
brachiopod, Obolus (Lingulella) ferruginea, pass up into 
the Olenus fauna.” The “thickest bed of limestone” men- 
tioned in the first sentence of this quotation is probably a 
shale bed containing one or more of the large limestone 
lenses characteristic of the upper 7 feet of the davidis zone. 
A number of these lenses, lying end to end, might easily be 
mistaken for a part of a continuous stratum. The writer 
has not seen in bed 125 any of the ‘“‘pebbles of a reddish 
siliceous rock” mentioned by Dr. Walcott. This bed should 
probably not be considered to be a conglomerate, in the 
usual sense of that term, because many of the pebbles, con- 
cretions, or whatever they may be, that occur in it appear 
to show by their shapes and positions that they could not 
have been rolled into place. It is true that the bed marks 
the line between the fossiliferous shales of the Paradoxides 
-davidis zone and the superjacent barren measures of un- 
known age; but, that a deposit of this peculiar character 
does not necessarily prove the presence of an important 
sedimentary break, is suggested by the fact that the faunas 
of the shales that overlie and underlie the similar phosphatic 
“nebble” layer in bed 115 appear not to differ from each 
other in any appreciable way. However, as the only fossils 
that have been discovered in bed 125 occur in the masses 
of phosphatic material (none having been found in the sur- 
rounding matrix), it is possible that the phosphatic masses 
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of this bed are really fragments of older deposits. It seems 
more probable, however, that they are either concretions 
formed in the bed in which they now occur, or that they are 
pieces of unconsolidated contemporary or slightly older sedi- 
ments that were being broken up at the time when bed 125 
was being formed. 

It is true that the Agnostus pisiformis and Agnostus 
pisiformis obesus (“‘Olenus’”’) faunas, which occur not far 
above the Paradoxides beds in the brook section (see p. 27), 
appear to be fundamentally different from the davidis 
fauna, and that there is, therefore, probably a stratigraphic 
break somewhere in the 30 or more feet of shales that lie 
between the highest beds known to contain Paradoxides and 
the lowest beds in which Agnostus pisiformis has been 
found; but this break may well occur somewhere above 
bed 125. 

At the base of the Paradoxides section, the fossils of 
the bennetti zone seem to differ considerably from those 
of the underlying ‘‘Catadoxides magnificus” beds (see pp. 16 
and 26), and some sort of a sedimentary break may very 
possibly exist in the 10 feet and 10 inches of unfossiliferous 
manganiferous shales that intervene between the lowest 
known Paradoxides bed and the highest known Catadoxides 
horizon. 

These question will be taken up again in a future paper, 


in which the microscopical character, chemical composition, - 


and mode of deposition of the Paradoxides beds of the Con- 
ception Bay region will be discussed in detail. 


DISCUSSION OF THE CHARACTER AND 
OCCURRENCE OF THE FAUNAS 


The general composition of the Paradoxides faunas at 
Manuels is shown in the faunal lists on pages 35 to 56 and 
in Table IV and the Manuels lists of Chapter VII. An 
examination of these lists and table will show that in each 
of the three zones the trilobites far exceed in both numbers 
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and variety all the other types of life. The number of 
individuals of each group (trilobites, brachiopods, etc.) in 
each zone is probably roughly proportional to the number 
of species present. It will be noted that almost all of the 
Newfoundland species are represented by identical or 
nearly identical forms in New Brunswick, Massachusetts, 
or Europe. The European and continental American types 
that have been recognized at Manuels are indicated in 
Table IV and discussed on pages 100-132. 

Wherever Paradoxides faunas have been carefully 
studied, they appear to be roughly assignable to one or 
more of four large groups. Three of these four groups cor- 
respond to the Paradoxides bennetti, Paradoxides hicksi, 
and Paradoxides davidis faunas of Newfoundland; the 
fourth group, which is the youngest, is characterized by the 
presence of Paradoxides forchhammeri, and is known to be 
well developed only in Scandinavia. Possibly future work 
will demonstrate that this classification is not the most 
natural one, but it is a convenient one to use when discuss- 
ing the faunas of southeastern Newfoundland and correlat- 
ing them with their contemporaries in northwestern Europe 
and continental North America. At Manuels the bennetti, 
hicksi, and davidis faunas can each be divided into sub- 
faunas; but, as the composition of some of these subfaunas 
may be due to very local facial conditions, it seems best to 
defer a discussion of them until more is known about the 
Paradoxides faunas of other Newfoundland localities. 

The bennetti, hicksi, and davidis faunas are not sharply 
separated from each other in the Manuels Brook section, 
for their species frequently range from one fauna into the 
next. There seems to be no evidence of the sudden dis- 
appearance of a fauna except at the top of the davidis zone. 
There is good evidence of the more or less sudden arrival 
of new groups of species, such as the group characterized 
by Paradoxides davidis and Agnostus punctuosus, which 
appears abruptly in the bottom of the davidis zone; but, in 
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all known instances, a number of the species previously 
established in the region continued to exist there for some 
time after the arrival of the new forms. As a result of 
these conditions no bedding planes forming natural fron- 
tiers between the different zones have been discovered, and 
the stratigraphical limits here set to the zones are therefore 
of necessity chosen more or less arbitrarily, and may prove 
on further investigation not to be the best ones. 

Of the 25 genera and 79 species and varieties identified 
by the writer in the Paradoxides beds at Manuels, 13 genera 
and 54 species and varieties have been found in one zone 
only, 9 genera and 8 species and varieties have been found 
in both the bennetti and hicksi zones, 8 genera and 16 spe- 
cies and varieties have been found in both the hicksi ard 
davidis zones, and 6 genera and 4 species have been found 
in all three zones. 

No member of any of the Paradoxides faunas has 
been recognized in beds below the bennetti zone at Man- 
uels; but in the upper part of that zone there has been 
found a, tiny brachiopod which appears to be referable to 
Acrotreta gemmula Matthew, a species occurring in the 
pre-Paradoxides beds of New Brunswick and Cape Breton 
(Walcott, 1912, p. 686). Dr. Waleott (1900, p. 317) has 
stated that two species (Lingulella ferruginea and an 
Aenostus) range up from the Paradoxides beds into the 
Olenus beds at Manuels (see p. 63). 

No comprehensive discussion of the probable habitats 
and facial pecularities of the Paradoxides faunas at Manuels 
will be attempted in the present paper, as it is believed that 
a full consideration of these subjects should be deferred 
until after further examinations have been made of the 
other exposures of Paradoxides beds in the Conception Bay 
region. A few observation on the distribution of the fossils 
in the different kinds of beds represented in the section can, 
however, properly be recorded at this time, and are there- 
fore presented below. 
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DISTBIBUTION OF FossIts ACCORDING TO LITHOLOGICAL 
CHARACTER OF BEDS 


Fossils are rare in the hard olive gray and bluish gray 
shales of the lower 220 feet of the bennetti zone, are com- 
mon in the nodular limestones and the upper 14 feet of gray 
shales of that zone, and are usually common, and often 
abundant, in the gray shales of the hicksi and davidis zones. 
It is in the thin-bedded soft black and gray shales of the 
hicksi and davidis zones, however, that they occur in the 
greatest profusion, some of these beds being literally full 
of agnostids and other trilobites. They are rare in the 
upper 5 feet of heavy-bedded black and dark gray shales of 
the davidis zone and in the thin phosphatic bed (bed 125) 
at the top of that zone. Trilobites are the most abundant 
types in most of the beds, but they are outnumbered by the 
brachiopod, Lingulella ferruginea, at a few horizons in the 
heavy-bedded dark gray shales of the upper part of the 
bennetti, and the lower part of the hicksi, zones (beds 35, 


37, 38, and. 39). The limestone nodules and beds appear to 
hold the same species as do the shale beds in, or between 


which, they lie. It is probable that the limestone nodules 
were formed in the muds after the muds had been laid down 
and before they had become consolidated into shales; for the 
fossils in the limestones retain their convexity, where those 
in the surrounding shales are flattened, and the shales are 
often slickensided where they have settled down around the 
resistant nodules. The two limestones of bed 19 were per- 
haps deposited originally as impure lime muds. They con- 
tain many fossils, whereas the shales which precede and 
succeed them are almost entirely barren. The fauna which 
they contain is, however, not greatly different in its general 
composition from the one which occurs in the shale beds, 23 
and 26, higher up in the bennetti zone. 

The general rarity of fossils and the scarcity of lime- 
stones in most of the gray shales of the lower 220 feet of 
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the bennetti zone may both be due partly to the same cause, 
whatever that cause may be. The smaller fossils that are 
preserved in these shales frequently retain some or all of 
their convexity, but the larger ones, such as Paradoxides 
bennetti, are usually flattened and crumpled, as though the _ 
limy material that must have been originally present in 
their shells had been removed before the consolidation of 
the surrounding sediments. The question of chemical com- 
position and method of preservation of the tests and shells 
of Cambrian organisms has been discussed in an interestirg 
paper by Hicks (Hicks, 1875). 

Considering the different types of fossils separately, . 
we find that the larger trilobites, such as Paradoxides, Cono- 
coryphe, Bailiella, Harttella, and Centropleura, are mainly 
confined to the harder, heavier-bedded, shales and the lime- 
stone beds and nodules. The trilobites of medium size, such 
as Solenopleura, Liostracus, Agraulos, and Holocephalina, 
are likewise found in the harder and heavier beds, but also 
occur commoiuly in the soft, thinly-bedded shales. The agnos- 
tids are most abundant in the soft black shales, from which 
most other trilobites are usually absent; but they are some- 
times present in large numbers in the soft gray shales and 
the limestone nodules of the davidis zone. They are rare in 
the bennetti zone, where only 6 different forms have been 
discovered; they are common in the hicksi zone, 14 kinds 
having been found there, some of them in considerable num- 
bers; and they are the most abundant and characteristic 
fossils of the davidis zone, which contains countless thou- 
sands of individuals, belonging to no less than 26 species 
and varieties. 

The diversity of species of agnostids in the davidis zone 
may be more or less independent of the lithological char- 
acter of the containing rocks, but the great abundance of 
individuals in some of the beds of that division, particularly 
in some of the black shales, surely must have some facial 
significance. Bed 48 and its fauna are especially interesting 
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in this connection. This bed, which occurs below the mid- 
dle of the hicksj zone, is a soft black shale of the sort com- 
monly found filled with agnostids in the lower pait of the 
davidis zone, but very rare in the lower half of the hicksi 
zone, where most of the beds are somewhat heavily bedded 
gray shales containing relatively few of these little trilo- 
bites. Bed 48 is, however, as full of agnostids as a typical 
‘davidis zone black shale. Most of the agnostids present in 
the bed are found at other horizons in the hicksi zone, but 
the most abundant form, Agnostus cf. gibbus hybrida Bréeg- 
ger, has not been found at any other horizon at Manuels, 
and its presence in bed 48 is probably directly due to the 
black mud facial conditions obtaining at the time that that 
bed was deposited. 

Agnostids are conspicuously absent from the olive ard 
dark gray shales and the nodular limestones of the upper- 
most part of the bennetti zone (beds 32 to 35), and the hard, 
heavy-bedded, dark gray shales of the lower part of the 
hicksi zone (beds 36 to 39). Trilobites are comparatively 
rare in beds 36 to 39, and the absence of agnostids from 
those horizons is therefore not surprising. It is more diffi- 
cult to imagine why they should be absent from beds 32 
to 35, which contain many other trilobites. 

The relative abundance of agnostids in the soft black 
and gray shales does not appear to be due to a better pre- 
servation of their tests in those kinds of deposits, for the 
individual specimens are no more perfect than the ones 
that are enclosed in the harder, heavier-bedded, gray shales. 
There does seem, however, to be a greater proportion of com- 
plete individuals in the softer shales, particularly in the 
black shales. This may indicate that the softer shales were 
deposited in quieter waters than the harder ones, although 
the harder, heavier-bedded, shales usually appear to be just 
as fine-grained as the softer ones. Remains of the larger 
trilobites, such as Paradoxides and Centropleura, are com- 
paratively rare in the softer, thinner-bedded, shales, but 
when they do occur they are usually fairly well preserved, 
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so that their comparative scarcity in such beds would seem 
to be due, in some instances at least, to other causes than 


lack of conditions favorable to good preservation. For ex~- 
ample, although specimens of Paradoxides are common in 


the soft black agnostid shales of beds 94, 95, and 96, they 


are usually absent from the soft black and gray shales of 
the lower part of the davidis zone, and have not been found 


at all in the black shale, bed 48, although occurring in large 
numbers in most of the other beds of that part of the section. 

Of the brachiopods, Lingulella ferruginea and Acro- 
thele matthewi are found most frequently in the hard, 
heavy-bedded, greenish gray shales of the bennetti zone and 
the equally hard and heavily bedded dark gray shales of the 
lower part of the hicksi zone, and Acrotreta misera Is com- 
monest in the soft black agnostid shales of the lower half 
of the davidis zone and in the similar shale of bed 48 of 
the hicksi zone. 

Although there is this general relation between certain 
types of fossils and particular kinds of beds, yet beds of the 
same lithological character that are separated from each 
other by a bed, or beds, of a different sort seldom contain 
exactly the same faunas. For instance, three soft black 
shales in the lower half of the davidis zone may be, to all 
appearances, identical in lithological character, and may 
contain typical agnostid faunas, but each of the three faunas 
will differ slightly from the other two, and, when any spe- 
cies occurs in two of the beds, it is likely to be rare in one 
and abundant in the other. 

Many species seem to have lived at Manuels only inter- 
mittently, for they appear in, and disappear from, the 
faunas there a number of times. In some cases the presence 
or absence of these forms seems to be due to the presence 
or absence of a particular type of sediment, but in other 
cases no such cause is apparent. For example, Corynexo- 
chus minor is found in beds 109 (a soft gray shale), 116 (a 
hard gray shale), and 119 (a black shale of medium hard- 
ness), but has not been discovered in any of the intervening 
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gray and black shales. The individuals occurring in beds 
116 and 119 may possibly differ slightly from those in bed 
109 and may perhaps belong to a variety of the species, but, 
if any differences exist, they must be small. Similarly, 
Agnostus punctuosus appears to be absent from beds 100 to 
105, although it occurs (often in great abundance) in the 
overlying and underlying strata. Agnostus granulatus, with 
a much longer time range, is even more irregular in its 
occurrence. It has been recognized only in beds 238, 28, 29, 
Wo m0 ol, 14550, So, 90; 91,-93, 94, 95799, 100, 101,, 102, 
105, 106, 107, 108, 109, and 110, but these beds include 
examples of the hard olive shales of the bennetti zone, the 
hard gray and the soft gray and black shales of the hick:i 
zone, and the soft black and gray shales of the davidis zone. 
The species was a long-lived one, with a wide geographical 
range (it has been reported from Bohemia, England, and 
Newfoundland), yet it seldom occurs in large numbers in 
any one of the beds of the Manuels Brook section. Eodiscus 
punctatus also has a remarkable vertical distribution, being 
present in beds 40, 44, 51, 52, 54, 67, 69, 75, 81, 83, 84, 86, 
99, 101, 102, 103, 105, 106, 107, 108, 109, 112, and 115, but 
seemingly absent from the intervening beds. It shows a 
preference for gray, rather than black, shales, but some- 
times occurs in the latter, and is frequently absent from 
the former. It is probable, however, that future work will 
disclose the presence of these four species, as well as many 
others, in beds which have so far yielded no traces of them. 

In contrast to these species of intermittent range are 
others which seem to have lived continuously at Manuels, 
and to have been much less susceptible to the effects of 
changing environments. Such species sometimes range 
through a succession of beds of different lithological char- 
acter. Agraulos socialis, one of the most characteristic 
members of the hicksi fauna, is one of these persistent 
types; Paradoxides hicksi is another. 

On the whole, it seems likely that, although certain of 
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the members of the Paradoxides faunas were largely influ- 
enced by the changes that took place in the local environ- 
mental conditions at Manuels, others were very little 
affected by them; and the invasion of the district by new 
forms from scme unknown outside region was probably the 
most important factor in bringing about the faunal changes 
that took place from time to time. Only a few of the spe- 
cies and varieties present in the hicksi and davidis faunas 
seem to have evolved from forms previously existing in the 
district; the majority appear to have been invaders from 
without. This matter is discussed further on pages ro1-3. 


IMPORTANCE OF AGNOSTIDS IN THE PARADOXIDES FAUNAS 


Although the various species of Paradoxides are the 
most characteristic members of the Paradoxides faunas of 
the world, they are far surpassed in numbers and variety by 
the agnostids.. Paradoxides supplies the best index fossils 
for the Paradoxides beds in general, and for the main 
faunal subdivisions in particular, because it is found all 
through the Paradoxides beds, is confined entirely to them, 
and is represented by different and widespread forms at 
different horizons. The agnostids are, however, usually the 
most useful group for distinguishing and identifying the 
smaller faunal divisions because of their great number and 
variety, their apparent ability to spread rapidly over large 
areas, and the ease with which their small shields are pre- 
served entire, so that they can be specifically identified. 
Moreover, although they are most abundant in the Para- 
doxides beds (particularly in the hicksi, davidis, and forch- 
hammeri zones), they are also found commonly in other 
Cambrian strata; and will probably prove ultimately to be 
one of the greatest aids in correlating not only the Para- 
doxides faunas, but also some of the later faunas of differ- 
ent parts of the world. 

One of the most striking differences between the Para- 
doxides faunas and those which underlie them is that, while 
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the Paradoxides faunas contain agnostids, the others do 
not. Obviously the ancestors of the Paradoxidian agnostids 
must have lived in pre-Paradoxidian times, and their absence 
from the known pre-Paradoxides beds in all the regions 
where Paradoxides is known to occur indicates that the 
waters in which those older beds were deposited were either 
cut off by some barrier from the seas which contained 
agnostids at those times, or (what is less likely—for the 
later pre-Paradoxides beds, at least) that agnostids had not 
yet been evolved when those beds were laid down. Agnos- 
tids occur in Siberia, however, in faunas which may be of 
Catadoxidian (pre-Paradoxidian) age. (See vonToll, 1899.) 

Agnostids occur in the beds which overlie the Para- 


doxides beds, but most of them are very different from those 
in the Paradoxides beds, and there are not nearly so many 
different species as there are in the Paradoxides faunas. 


VI. DESCRIPTION OF NEW SPECIES FROM THE 
PARADOXIDES BEDS AT MANUELS 


The following nine forms, believed to be new, have been 
discovered in the Paradoxides beds at Manuels in the course 
of the present investigation : 

Agnostus clare. 

Agnostus barlowi definitus. 
Agnostus parvifrons punctifer. 
Agnostus vaningeni. 

Agnostus longifrons parvulus. 
Agnostus rectangularis. 
Conocoryphe bullata. 
Paradoxides parvoculus. 
Liostracus globiceps jaculator. 


These forms are described below and figured on Plate 3. 
In describing the agnostids the writer employs the 
terminology of parts that has been in common use since 
Barrande’s day. Professor Raymond has called attention to 
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the fact that paleontologists have perhaps been confusing 
the pygidia and cranidia of the agnostids, calling the pygid- 
ium the cranidium and vice versa (Raymond, 1917; 1920). 
The writer believes that this is possibly true, and that the 
question of which end of an Agnostus is which is still an 
open one. He feels, however, that such evidence as we have 
at present is more in favor of the long-accepted view than 
of Professor Raymond’s newly-suggested one. 


Agnostus clare, new species Pron kigae 


Only the pygidium is known. 

Pygidium, subquadrate, with a thin, tapering, sharply 
pointed, cusp or spine at each of the two posterior angles. 
Lateral lobes, wide, tapering and depressed behind the axis, 
but confluent, separating the rear end of the axis from the 
marginal furrow. Axis cylindrical, 7/10 as lone and 1/3 as 
wide as the whole pygidium, nearly parallel-sided, but with 
a very slight constriction and faint indications of a trans- 
verse furrow at a point about 1/3 of the way back from its 
forward end, evenly rounded posteriorly. Margin of mode- 
rate width all around. The marginal furrow and the fur- 
row surrounding the axis are of moderate width and depth. 
In the single specimen known, which is slightly flattened, 
the axis is very convex, with some indications of a tubercle 
or keel on the anterior half. The side lobes are only slightly 
convex. The pygidium, as a whole, seems to have been a 
little higher at the front than at the rear. The ends of the 
spines at the posterior angles are broken off, but there is 
no evidence to indicate that they were unusually long. The 
surface of the test is smooth. 

Length, 5mm. Breadth, 5mm. at the rear, 6 mm. at the 
front. The greater breadth in front may be due to expan- 
sion on flattening, if the front was more convex than the 
rear. 

Horizon, bed 23, in the upper part of the Paradoxides 


75 PARADOXIDES SECTION WG 


bennetti zone. Very rare. 

The specific name is given in honor of Mrs. Howell. 

This species is based on a single pygidium, which is 
specimen 8000 in the paleontological collection of Princeton 
University. The most striking features of this pygidium 
are its quadrate form and its short, blunt, very convex axis. 
Of the agnostids that have been described from the Para- 
doxides beds cf Europe and North America, Agnostus fallax 
vir Matthew (1886, p. 69; 1896, p. 215), of New Bruns- 
wick, and A. fallax ferox Tullberg (1880, p. 32), of Scandi- 
navia, appear to approach it more closely. The tails of vir 
and ferox differ from that of clarz in having more taper- 
ing and slichtly longer axes, and in being less quadrate in 
shape. The cranidium of clare is unknown, but will prob- 
ably prove to be more or less like that of fallax vir. 
Cranidia of that general type have been found in bed 23, 
but some or all of them probably belong to a form like 
Agnostus fallax trilobatus Matthew (1886, p. 68), pygidia 
of which occur commonly in that bed. Two cranidia (Nos. 
8003 and 8025) of a similar form, but with the glabella only 
very faintly defined, also found in bed 23, may belong to 
clare. It seems more probable, however, that they belong 
to another form, Agnostus barlowi definitus, and they are 
therefore described and discussed in the account of that 
species, which follows the present description. Until the 
cranidium of clare is discovered, it will be impossible to 
assign the species definitely to any one of the numerous 
subdivisions into which different authors have proposed to 
split up the old genus, Agnostus. If it proves to have a 
fallax-like head, it will belong to Tullberg’s subdivision, 
“Fallaces,” of his group, “Limbati” (Tullberg, 1880, p. 11), 
and to Corda’s genus, Peronopsis (Hawle and Corda, 1847, 
p. 115; Raymond, 1913, p. 2; Zittel-Eastman, 1913, p. 710). 
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Agnostus barlowi definitus, new variety PISS igs 2 3 


Only the pygidium is definitely known. 

Pygidium semi-elliptical, about 14 longer than wide, 
with a broad, shallow, mariginal furrow and a somewhat 
convex margin. The margin is of medium width in front, 
but becomes very wide behind, where it bears two short, 
broad, sharply pointed cusps or spines. Lateral lobes of 
medium width, confluent behind the axis, where they are 
almost as broad as at the sides. Axis broad and very bluntly 
pointed; slightly constricted in its forward third, where it 
bears an elongated tubercle; widening rapidly toward the 
front where it reaches its greatest breadth. It is about 3/7 
as wide and 5/7 as long as the whole pygidium, and is com- 
pletely surrounded by a narrow, shallow furrow, which is 
often very weakly impressed around the rear half of the 
axis. The whole pygidium is of medium convexity, highest 
in the front half and sloping gradually toward the sides 
and rear. 

Length, 314 to 4144 mm. Breadth, 314 to 444, mm. 

Horizons, beds 23, 26 and 28, in the upper part of the 
Paradoxides bennetti zone. Rare. 


The holotype is specimen No. 8001 in the paleontologi- 
cal collections of Princeton University. It is from bed 23. 

The varietal name refers to the fact that the axis is 
completely defined by a furrow. 

This pygidium is very similar to that of Agnostus bar- 
lowi spinatus Illing (1916, p. 413). It differs from that 
form in having the axis completely defined by a furrow, 
instead of merely indicated by two short grooves near the 
front of the pygidium, in having the marginal border 
broader at the rear; and in having the cusps or spines 
farther back. Barlowi spinatus has been found only in the 
hicksi zone of England, while barlowi definitus is known to 
occur only in the upper part of the bennetti zone of New- 
foundland. Only a few specimens of either form have been 
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discovered, and it is possible that a large series of specimens 
from either England or Newfoundland would show that the 


two varieties are one. However, as they occur at different 
horizons so that their varietal pecularities may have some 
phylogenetic significance, it has seemed best to describe the 
Newfoundland form under a separate name. 

The author has followed Illing’s example in calling 
definitus a variety of barlowi. Whether spinatus and defini- 
tus are really varieties of Agnostus barlowi Belt (1868, 
p. 11) must remain an open question until the crinidium 
of either spinatus or definitus is discovered. There are two 
cranidia from bed 23 in the Princeton collections which may 
possibly belong to definitus (Nos. 8003 and 8025 in the 
paleontological collections of Princeton University; see 
plate 3, figure 3). They agree with Lake’s (1906, p. 17) 
description of the head of barlowi except that they have 
a marginal fold of medium width, instead of the very nar- 
row one of that form, and that a two-lobed glabella is faintly 
outlined, instead of having only the rear end of it suggested 
by short furrows, as in Belt’s species. Lake’s figure of bar- 
lowi seems to show a faintly outlined glabella, with no sign 
of a cross-furrow separating it into two lobes. It is barely 
possible that these two Newfoundland heads belong to 
Agnostus clare (see description above), the head of which 
is unknown and may very well be of this type. They are 
referred to barlowi definitus mainly because definitus seems, 
from the number of pygidia found, to have been more com- 
mon than clare in the beds in which the heads were found. 
If the heads do belong to barlowi definitus, we would appear 
to have in the phylogeny of the barlowi line a progressive 
loss of furrows from both cranidium and pygidium, as well 
as a loss of spines from the pygidium—indicating, perhaps, 
a progressive loss of vitality in the race, resulting ultimately 
in extinction. Belt stated that the type specimens of bar- 
lowi came from the Tremadoc. Lake supposed that since 


Agnostus cicer Tullberg (1880, p. 26), which appears to be 
identical with barlowi, was recorded by Tullberg from the 
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Conocoryphe equalis zone and Agnostus intermedius zone 
(both of which zones are well up in the hicksi zone), Belt 
must have been mistaken when he recorded barlowi from 
the Tremadoc. The finding of “cicer” in the Paradoxides 
davidis beds by Grénwall (1902, p. 167), of spinatus in the 
lower hicksi beds by Hling, and of definitus in the upper 
bennetti beds, as here recorded, indicates that the race may 
have ben a lony-lived one and may really have ranged up 
into the Tremadoc, after all. 

Gronwall (1902, pp. 59, 60, 210) has described a va- 
riety of barlowi from the davidis zone of Bornholm Island, 
Denmark, which he has named “cicer forfex,” the tail of 
which differs from cicer, as that of a definitus differs from 
that of a spinatus, in having the axes completely outlined. 
Forfex’s tail differs from that of definitus in having a more 
bluntly pointed axis, no spines, and a narrower marginal 
fold. Barlowi, barlowi spinatus, and barlowi definitus have 
unusually wide marginal folds, however. Belt notes how 
the wide fold of barlowi makes the species resemble Agnos- 
tus nudus (Beyrich), (Beyrich, 1845, p. 46; Barrande, 1852, 
p. 903), and this resemblance is even more striking in defini- 
tus, with its still wider border, widest at the rear. 


Agnostus parvifrons punctifer, new variety PI. 8, Figs. 4, 5 


Only the pygidium is definitely known. 

Pyeidium semi-elliptical, about as wide as long, with 
a slichtly convex margin, which is of medium width in front 
but becomes very broad at the rear, reaching its greatest 
breadth back of the rear end of the axis. Lateral lobes of 
medium width, tapering at the rear, not confluent. Axis of 
medium width, very slightly constricted near its anterior 
end, tapering backward to a fine point which separates the 
lateral lobes from each other and reaches the marginal fur- 
row ; very convex, reaching its greatest height in the middle, 
where it is prolonged upward and backward into a sharp- 
pointed, somewhat elongated, peak or super-tubercle, which 
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slopes toward the front of the pygidium at an angle of about 
45°, slopes somewhat more steeply toward the sides, and has 
a very steep, concave slope toward the rear, the concavity 
being due to the fact that the peak bends backward so that 
it slightly overhangs the posterior slope. The lateral lobes 


and marginal fold are only very slightly convex, and the 
axis rises very prominently above them. The lateral lobes 


are separated from the axis and the marginal fold by fur- 
rows which are very wide and fairly deep in the tyne speci- 
men, which is exfoliated, but which are probably verv much 
less nrominent—perhaps even indistinct—in unexfoliated 
specimens. 

Length, 3 mm. Width, 3 mm. Height of the peak of 
the axis above the lateral lobes, 1 mm. 

Horizon, bed 101, in the lower part of the davidis zone. 
Rare, 

The holotype is specimen 8004 in the paleontological 
collections of Princeton University. The natural mold is 
specimen 8005. 

The varietal name refers to the elongated tubercle 
borne on the axis. 

The pygidium of this remarkable little agnostid is very 
similar to that of “Agnostus parvifrons mammillata” Broée- 
ger (1878, p. 56), appearing to differ from that form only 
in havine the peculiar elevation of the middle of the axis 
more pronounced and slightly bent backward instead of 
being symmetrical. An immature pygidium 114x114 mm. 
in size (specimen 8006 in the paleontological collections of 
Princeton University) found in the same bed as the type 
of parvifrons punctifer and probably belonging to that 
form, appears to differ in no essential respect from imma- 
ture pygidia of “parvifrons mammillata” from Scandinavia 
contained in the Princeton collections (specimens 8009 and 
8010). 
The thorax and cranidium of parvifrons punctifer are 
not definitely known. The cranidium is probably like that of 
“narvifrons mammillata.”” An immature cranidium about 
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114 x 114 mm. in size (8008 in the Princeton collections), 
from the same bed as the holotype pygidium of punctifer, 
appears to differ in no way from an immature cranidium of 
‘“mammillata’” on specimen 8010. It is similar to the adult 
head of “mammillata” figured by Brégger (1878, pl. V, 
fix. 3a), being semi-elliptical, rather convex, and surrounded 
by a margin of medium width, which is separated from the 
rest of the cranidium by a furrow that is of medium width 
and depth in this particular specimen, which is exfoliated, 
but would probably be much less distinct on an unexfoliated 
specimen. The glabelia is very convex, slightly longer than 
wide, and is surrounded by a furrow of medium depth and 
width, which would probably be shallower on an unexfoli- 
ated specimen. The basal lobes are of medium size, and are 
confluent behind the glabella. 

It is possible that the single pygidium upon which this 
new variety is based is a deformed or aberrant example of 
“parvifrons mammillata,” as pygidia nearer to the normal 
“mammillata” type occur only a few feet higher in the 
section (in bed 74). 

Aenostus parvifrons and its varieties appear to have 
been an extremely variable group, however, and it is quite 
possible that punctifer is a valid variety. Whether puncti- 
fer and mammillata should really be classed as varieties of 
Agnostus parvifrons Linnarsson (1869, p. 82) is perhaps 
an open question. It seems best to follow Broégger for the 
present, however, and consider them as such. If future 
research proves that the two are not varieties of parvifrons, 
then punctifer will become a variety of mammillata. Jzkel 
(1909) has proposed the genus, Hypagnostus, for Agnostus 
parvifrons and its allies; and if that genus is accepted as 
defined by Jeekel, punctifer will belong to it. 


Agnostus vaningeni, new species Pie Shea 


Pygidium semi-elliptical, moderately and fairly evenly 
convex, surrounded by a margin of medium width and con- 
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vexity, which is separated from the rest of the tail by a shal- 
low furrow of medium width. Axis large, 114 times as wide 
as the lateral] lobes; long; evenly tapering, except at a point 
Just back of the front end, where it is very slightly con- 
stricted ; ending in a blunt point a short distance in front of 
the marginal furrow; separated from the lateral lobes by a 
narrow, shallow furrow; bearing a somewhat elongated 
tubercle about one-third of the way back from its forward 
end. Lateral lobes of medium width in front, tapering regu- 
larly to rather blunt points at the rear, where they are 
separated by a narrow, shallow furrow, which connects the 
furrow surrounding the axis with the marginal furrow. 
The whole pygidium is evenly and very moderately convex. 

Length of the holotype pygidium, 314 mm.; breadth, 
344mm. Other specimens identified as belonging to this 
species (specimens 8013 and 8030) are 1 mm. or more 
larger. The axis of the holotype is 3 mm. long, and 134, mm. 


wide. 
Horizon of the holotype, bed 99. Other specimens pos- 


sibly belonging to this species( specimens 8031 and 8032) 
were found in beds 100 and 102. All of these beds are in 
the lower part of the davidis zone. Rare. 

The holotype is specimen 8011 in the paleontological 
collections of Princeton University. The natural mold of 
the holotype is specimen 8012. 

The specific name is given in honor of Professor Gilbert 
vanIngen. 

The pygidium of this species resembles those of Agnos- 
tus levigatus terranovicus Matthew (1896;" py 233), 
Agnostus parvifrons tessella Matthew (1886a, p. 71), and 
Agnostus rotundus Grénwall (1902, p. 78). From levigatus 
terranovicus it is distinguished by its longer axis and the 
Separation of its lateral lobes at the rear. It differs from 
rotundus in having a longer and wider axis, and tapering 
side lobes, completely separated at the rear, It is not greatly 
different from parvifrons tessella in general shape, but has 
a slightly wider and longer axis, the marginal furrow and 
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the furrow surrounding the axis are less distinct, and there 
are no distinct furrows crossing the axis, such as there are 
in that form. 

Although the crandium of Agnostus vaningeni is un- 
known, it is probably more similar to that of levigatus 
terranovicus and rotundus than to that of parvifrons tes- 
sella, as certain cranidia of the terranovicus- rotundus type 
occur in association with the vaningeni pygidia. Possibly 
vaningeni represents an intermediate stage of evolution 
between parvifrons tessella and levigatus terranovicus. It 
is interesting to note, in this connection, that the unexfoli- 
ated pygidia of vaningeni look very much like those of 
levigatus terranovicus, while exfoliated tails much resemble 
those of parvifrons tessella. Waningeni is probably nearest 
to terranovicus, as its crandium is almost certainly of the 
terranovicus type. It may prove, however, to be even nearer 
to the British form which Lake (1906, p. 14) has referred 
to rotundus, but which, to judge from his figures and 
description, is perhaps nearer to levigatus terranovicus 
than to rotundus. Perhaps parvifrons tessella, vaningeni, 
levigatus terranovicus, and levigatus Dalman (1828, p. 
136) represent a single line of development, to a branch of 
which rotundus and the closely related Newfoundland form, 
levigatus mamilla Matthew (Matthew, 1896, p. 234) may 
belong. Agnostus lens Grénwall (1902, p. 65) appears also 
to be very similar to levigatus terranovicus, and, as lens is 
found at a horizon in Scandinavia that appears to be lower 
than the one at which vaningeni occurs in Newfoundland, 
it is possible that terranovicus is descended from lens, and 
not from vaningeni. Vaningeni, like levigatus terranovicus, 
levigatus mamilla, lens, rotundus, and the somewhat similar 
Paradoxidian form, Agnostus levigatus ciceroides Mat- 
thew (1896, p. 234), and the very similar or identical form, 
Agnostus altus Gronwall (1902, p. 58), together with 
Agnostus levigatus forfex Brégger (1878, p. 58), Agnostus 
barrandei Salter (Hicks, 1872, p. 176), Agnostus lens fron- 
tosa Gronwall (1902, p. 66), Agnostus barlowi Belt (1868, 
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p. 11), Agnostus barlowi forfex Grénwall (1902; p59), 
Agnostus barlowi spinatus Illing (1916, p. 413), and Ag.bar- 
lowi definitus (described above, see p. 76), does not appear 
to fit into any of the genera of Jekel’s or Professor Ray- 
mond’s classifications. Some of them, such as levigatus 
terranovicus and levigatus forfex, are probably so closely 
allied to levigatus, the type of Corda’s genus, Lejopyge 
(Hawle and Corda, 1847, p. 51), that they should be classed 
in that genus, but the others should probably be assigned 
to one or more new genera. If vaningeni is really derived 
from parvifrons tessella, it is probable that teseslla belongs 
to a different group from parvifrons Linnarsson (1869, 
p. 82), and should not be called a variety of that species. 


Agnostus longifrons parvulus, new species Pl. 3, Figs. 7,8 


Only the cranidium is definitely known. 
Cranidium small, semi-elliptical, evenly and moderately 


convex, surrounded by a narrow, convex margin, which is 
separated from the rest of the cranidium by a narrow mar- 
ginal furrow of medium depth. Glabella bilobed, parallel- 
sided, the front lobes separated by a straight furrow of me- 
dium width and depth. The glabella is surrounded by a deep, 
narrow furrow, which is continued forward in front of the 
front lobe, so that it joins with the marginal furrow and 
separates the two cheeks. The front lobe of the glabella is 
roughly triangular in shape, the two sides of the triangle 
being convex and the apex an obtuse angle. It is of moderate 
convexity, approximately the same as the cheeks. The rear 
lobe is about twice as long as wide; the front third is moder- 
ately convex, like the front lobe, but the posterior two-thirds 
is evenly and highly convex, and is crowned with a tubercle. 
The basal lobes are small and triangular. The cheeks are 
somewhat wider than the glabella, are moderately convex, 
of approximately equal width throughout, and are separated 


by a furrow in front of the glabella. 
Length of the holotype cranidium, 2 mm.; breadth, 1%, 
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mm. This is an average sized adult cranidium. 

Horizon, bed 109, the middle part of the davidis zone. 
Rare. 

The holotype is specimen 8014 in the paleontolog‘cal 
collections of Princeton University. 

The varietal name refers to the small size of the variety. 

The holotype of this variety is a cranidium. No well 
preserved and certainly identifiable complete individual has 
been discovered to prove beyond question just what the 
pygidium is like; but a poorly preserved specimen showing 
both cranidium and pygidium (specimen 8015 in the Prince- 
ton collections), which is almost certainly of this variety, 
and numerous little pygidia found associated with longifrons 
parvulus cranidia, enable us to be reasonably certain about 
the matter. The description of the pygidium given below 
is based upon an impression on a piece of shale (Princeton 
specimen 8016) broken from the piece holding the holotype 
cranidium, and upon pygidia found on Princeton specimens 
8017, 8018, 8033, and 8037. Specimen 8033 and its counter- 
part 8037 hold a cranidium that is believed to belong to this 
species. 

Pygidium small, semi-elliptical, surrounded by a 
margin of medium convexity and width, and by a shallow, 
narrow, marginal furrow. Axis convex, narrow, slightly 
constricted in its anterior third, tapering to a rounded point 
at the rear. It is divided into three segments. The anterior 
lobe is short. The middle segment is about the same length 
as the anterior one, but is expanded in the middle so that 
it juts forward and backward until it is nearly twice as long 
there as it is at the sides. It bears a prominent median 
tubercle or keel. The posterior segment is about twice as 
long as the two anterior segments combined, but does not 
reach the marginal furrow behind. The lateral lobes are 
convex, but not so much so as the axis; they are wider than 
the axis, and are somewhat narrowed behind, where they 
are separated by a narrow, shallow, furrow, which joins the 
marginal furrow to the narrow, but rather deep, furrow 
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that surrounds the axis. The pygidia have about the same 
general dimensions as the cranidia. 

Th‘s form is very closely related to Agnostus longifrons 
Nicholas (1916, p. 458). It differs from longifrons in being 
smaller, in having the anterior lobe of the glabella shorter, 
and in having the posterior lobe of the glabella longer, with 
the greatest convexity 1/3 of the length of the lobe forward 
from the posterior margin, instead of just in front of it. 
The pygidia of the two forms appear to be identical, except 
for size, and the thorax of longifrons parvulus will pro- 
bably prove, when it is discovered, to be like that of long- 
ifrons. 

Agnostus longifrons, which is a Welsh species, appar- 
ently occurs in the hicksi zone, while longifrons parvulus is 
found well up in the davidis zone. Mr. Nicholas has pointed 
out, in his description of longifrons (1916, p. 454), how this 
type of agnostid resembles Agnostus gibbus Linnarsson 


(1869, p. 81). 
Agnostus longifrons parvulus is one of the smallest of 


all known agnostids, and therefore one of the smallest of 
known trilobites. It is perhaps the smallest trilobite yet 
discovered. It is almost surely descended from the 
Agnostus longifrons line. It belongs in the genus Agnostus, 
sens. strict., of Jekel’s and Raymond’s classifications. 


Agnostus rectangularis, new species 124, hy een, 


Only the cranidium is known. 

Cranidium roughly rectangular, slightly longer than 
broad, with rounded corners. Margin broad and nearly 
flat. Marginal furrow broad and shallow. Cheeks of me- 
dium width, approximately equal in width throughout, con- 
fluent in front of the glabella. Glabella of medium length 
and width, about as wide as the cheeks, and two-thirds as 
lone as the cranidium, not bilobed. It narrows slightly to- 
ward the front, where it is evenly rounded, and it is separat- 
ed from the cheeks by a shallow furow. The basal lobes are 
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large, triangular in shape, and rather indistinctly marked 
off from the rest of the glabella. There is a very indistinct 
tubercle on the glabella about 1/3 of the way forward from 
the rear margin. The whole cranidium is rather flat. It 
is highest at the rear. 

Length of the holotype, 314 mm., breadth, 314, mm. 
The only other specimen known is 4 mm. long and 314 mm. 
broad. ” 

Horizon, somewhere in the upper half of the davidis 
zone. Exact horizon unknown, but probably bed 115 or a 
nearby bed. 

The holotype is specimen 8019 in the paleontological 
collections of Princeton University. The natural mould of 


the holotype is specimen 8039. The other specimen is num- 
bered 8020. 


The specific name refers to the rectangular appearance 
of the cranidium. 

At first glance, the cranidium of this species reminds 
one of that of Agnostus fallax Linnarsson (1869, p. 81), 
because of its quadrate form and wide margin. Fallax, 
however, has a bilobed glabella. The cranidium of Agnostus 
obtusus Belt (Belt, 1868, p. 10; Lake, 1906. p. 28) is similar 
to that of rectangularis in general shape, but it has, like 
fallax, a bilobed glabella. Agnostus tardus Barrande (1852, 
p. 913), and the closely related forms, A. glabratus Angelin 
(1878, p. 6) and A. lentiformis Angelin (1878, p. 7), have 
cranidia somewhat similar to that of rectangularis, as do A. 
sidenbladhi Linnarsson (1869, p. 82), A. callavei Raw MS., 
(Lake, 1906, p. 25), and A. sallesi Munier-Chalmas and 
Bergeron (Bergeron, 1889, p. 337). Tardus, glabratus, len- 
tiformis, sidenbladhi and callavei are of much younger age 
than rectangularis, but sallesi is from the Paradoxides beds 
of southern France. The figure and description of sallesi 
given by Munier-Chalmas and Bergeron are not clear and 
detailed enough to show just how similar their species is to 
rectangularis, but they are sufficient to suggest that it is 
very close, so that the Newfoundland form may yet prove 
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to be a variety of the French one, or even identical with it. 
Rectangularis is probably referable to the genus Arthro- 
rachis Corda of Raymond’s classification. 

The cranidium of rectangularis exhibited on specimen 
8020 shows faint traces of two peculiar diagonal furrows 
on the front of the elabella in just the same position as 
those described and figured by Raw and Lake on the glabella 
of callavei (Lake, 1906, p. 26, pl. II, fig. 20). Lake states 
that these furrows may be adventitious cracks in callavei, 
and the same may be the case with the one cranidium of 
rectangularis. The holotype cranidium of rectancularis 
does not show any clear evidence of such furrows, although 
there appear to be slight indentations present, which may be 
traces of similar grooves. These furrows, if they really are 
such, the general character of the cranidium, and the pres- 
ence in beds of the same, or nearly the same, horizon of 
pygidia somewhat resembling the pygidium of Agnostus 
quadratus Tullbere (1880, p. 34), suggest the possibility 
that rectangularis may prove to be related to quadratus, 
rather than to the other species mentioned above. To judge 
from Tullberg’s figure, quadratus has a more pointed gla- 
bella than rectangularis, and shows more definite indica- 
tions of furrows. The quadratus-like pygidia from Manuels 
also differ from the pygidium of quadratus in having much 
shorter axes. Quadratus occurs in the Paradoxides forch- 
hammeri beds of Sweden, above the Paradoxides davidis 
beds, and perhaps rectangularis is an ancestor of quadratus. 

The exact horizon of the quadratus-like pygidia found 
in loose limestone nodules at Manuels is not known, but it 
is somewhere in the davidis zone, and, to judge from the 
fossil evidence, from the same, or about the same, horizon 
as the rectangularis cranidia. A typical example of this 
sort of pygidium is shown on Princeton specimen 8038. 


Conocoryphe bullata, new species Pl. 8, Figs. 10, 11 


Only the cranidium is known. 
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Cranidium roughly semicircular, twice as wide as long, 
with broad, upturned anterior and posterior margins and 
broad deep anterior and posterior marginal folds, and a 
nearly straight facial suture. Glabella conical; about 3/5 
as Iong as the whole cephalon, with probably three furrows 
(the only known specimens are imperfect and show only the 
forward part of the glabella). The glabella is surrounded 
by a furrow of medium depth and width. The cheeks are 
confluent in front of the glabella, where they are slightly 
convex. The main part of each fixed cheek is remarkably 
convex, reaching its greatest height opposite the middle of 
the glabella. The whole surface of the cephalon is covered 
with small tubercles, about 4 in each square millimeter. A 
small keel-shaped prominence on the outer front edge of the 


swollen portion of the cheek may be the rudiment of an 
ocular ride. 


Length of the holotype cranidium 1 cm., breadth, 2 em. 
Height of elevated portion of fixed cheek above bottom of 
posterior marginal furrow just back of highest part of the 
fixed cheek, about 5 mm. 

Horizon, bed 19, in the middle of the Paradoxides ben- 
netti zone. Rare. 

The holotype is specimen 8021 in the paleontological 
collections of Princeton University. The natural mould of 
the holotype is specimen 8040. A smaller head, believed to 
be referrable to this species (fig. 11), is numbered 8026. 

The specific name refers to the bubble-like elevation of 
the fixed cheeks. 

This Conocoryphe resembles Conocoryphe dalmani 
Angelin (1878, p. 63) in its general shape, but differs 
markedly from that species in its greatly elevated fixed 
cheek. This elevation of the fixed cheek is characteristic 
of Ctenocephalus, rather than Conocoryphe, as exemplified 
in Ctenocephalus tumida Grénwall (1902, p. 99), and its 
presence in this very early Conocoryphe may perhaps indi- 


cate a convergence of the Conocoryphe and Ctenocephalus 
stems. 
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Paradoxides parvoculus, new species JER. Bh 1D ees, 11, 1S} 


Only the cranidium is known. 

Cranidium of the ordinary Paradoxidian form. Gla- 
bella large, evenly rounded in front, and narrowed at the 
rear so that it is only 34, as wide at the neck ring as it is at 
the widest part in front. The widest part of the glabella 
is 1/3 of the way back from the front. At this widest point 
the glabella is a little more than half as wide as the cephalon 
is long. There are four glabellar furrows in addition to the 
neck furow. The neck furrow is transverse and rather 
lightly impressed across the axis of the glabella, but is 
curved forward at an angle of 45 degrees and is deeply 
impressed at the sides. The second glabellar furrow is 
nearly transverse at the sides, but curves backward to form 
a shallow, backward-pointing arc over the axis. The third 
furrow is not continuous across the glabella, but is repre- 
sented by two short furrows, extending in from each side 
about half the way to the median axis of the glabella, and 
about at right angles to that axis. The anterior, or fourth 
pair of glabellar furrows, which are situated opposite the 
anterior ends of the palpebral lobes and at the widest part 
of the glabella, are slightly shorter than the third pair and 
' are deflected slightly forward from the outside toward the 
inside of the glabella. The neck ring of medium width, with 
a small tubercle. Fixed cheeks subtriangular, about 1/6 
longer than wide. Brim flat or perhaps with a slightly 
elevated rim on its front edge. The brim is narrow in 
front of the glabella, but widens toward each side. Jn the 
holotype, which is 22 mm. long, the brim is 1 mm. wide in 
front of the median axis of the glabella, and 4 mm. wide at 
the sides. The glabella is separated from the brim and from 
the fixed cheeks by a continuous furrow of medium width 
and depth. The posterior marginal furrow, running trans- 
versely across the rear ends of the fixed cheeks, is also of 
medium width and depth. The eyes are very short and 
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narrow. They are curved, and extend obliquely backward 
from a point close to the glabella at the glabella’s widest 
part. They are only about half as long as the free cheeks, 
reaching back only to a point opposite the middle of the sec- 
ond glabellar furrow. They are very narrow, being slightly 
less than 1 mm. wide on the holotype cranidium, which is 
22 mm. long. The anterior branch of the facial suture is 
at an angle of about 45° with the median axis of the crani- 
dium; the posterior branch is straight, and is directed at an 
angle of about 25° from the median axis of the cephalon. 
The surface of the fixed cheeks is covered with many anas- 
tomosing raised lines, which form a fine and somewhat 
irregular wrinkled network. The rest cf the cranidium 
appears to be smooth or ornamented only with very fine 
concentric or parallel lines, and perhaps very fine tubercles. 

Length of the holotype head, 22 mm.; width at rear, 
16 mm.; length of eye lobe, 5 mm.; width of eye lobe, 
1144 mm.; length of posterior branch of facial suture (be- 
hind the palpebral lobe), 6 mm. 

Horizon, beds 23 and 26, in the upper part of the ben- 
netti zone. Rare. 

The holotype is specimen 8027 in the paleontological 
collections of Princeton University. It is from bed 23 A 
smaller head, whose exact horizon is unknown but which 
was found either in bed 23 or an adjacent bed, is number 
8022. Both it and the holotype are figured. Another small 
head from bed 23, which seems to be referrable to this spe- 
cies, is numbered 8028 (natural mould, 8041). 

The specific name refers to the size of the eye lobes, 
which are unusually small for a Paradoxides. 

Parvoculus has perhaps the smallest eye lobe of any 
known species of Paradoxides. It appears to be most closely 
related to Paradoxides hicksi, and may prove to be an ances- 
tral variety of that species; but it seems best not to call it 
such until more is known of the ontogeny and phylogeny of 
hicksi. Hicksi appears to be a variable species, but some 
of the British forms assigned to it should perhaps be con- 
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sidered as varieties of the typical form. Parvoculus differs 
from hicksi as described by Salter (1869, p. 55) in having 
narrower eye lobes, a shorter glabella that is more evenly 
rounded at the front, with the two rear glabella furrows 
extending all the way across the glabella in adult species, 
and a flat or nearly flat brim. It closely resembles one of 
the heads figured by Illing (1916, pl. XXXVI, fig. 3) as 
P. hicksi, differing only in the fact that, while the second 
glabellar furrow of Illing’s specimen arches forward, that 
of parvoculus bends backward.  Illing’s specimen came 
from a much higher horizon than parvoculus, however (the 
upper part of the hicksi zone). In the general shape of the 
glabella and the thinness of the eye lobe, parvoculus resem- 
bles young specimens of hicksi occurring in the hicksi zone 
at Manuels, and it seems probable, therefore, that it is the 
ancestor of hicksi, and that hicksi may have evolved in 
America. The flat or nearly flat brim of parvoculus is also 
characteristic of early types of Paradoxides, as pointed out 
by Professor Raymond (1914, p. 235). 


Liostracus globiceps jaculator, new variety Pl. 3, Fig. 14 


Only the cranidium is known. 

Cranidium moderately convex (in specimens preserved 
in shale), the glabella only a little more convex than the 
rest of the cephalon. The front of the cephalon is an arc 
of very slight curvature, and the facial suture runs so nearly 
straight back from this front edge to the palpebral lobe that 
the front half of the cranidium has a rectangular appear- 
ance. Back of the palpebral lobe the facial suture runs 


diagonally backward and meets the posterior marginal fur- 
row at an angle of about 45°. The brim is flat and broad, 


and is separated from the rest of the cephalon by a broad, 
shallow furrow. ‘The fixed cheeks, which are moderately 
convex, join broadly in front of the glabella, the distance 
between the front of the glabella and the anterior marginal 
furrow being slightly more than half the distance between 
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the side of the glabella and the palpebral lobe. The fixed 
cheek is almost twice as wide at its posterior end as it is 
opposite the palpebral Icbe, so that the cephalon is only 2/8 
as wide at the front as it is at the rear. The posterior mar- 
ginal furrows are wide and shallow, as is the furrow that 
separates the glabella from the fixed cheeks. A facial ridge 
runs from near the front of the glabella outward and 
slichtly backward, in a gentle curve, to the anterior end 
of the palpebral lobe The neck ring is of medium size, and 
is prolonged backward into a spine, which is so long that 
the spine and neck ring combined are almost as long as the 
elabela. The elabella tapers slightly toward the front, 
where it is evenly rounded. It has four pairs of short, shal- 
low, indistinct furrows which run obliquely backward at an 
anele of about 20°, from the outer edge of the glabella 14 
to 2/3 of the distance toward the middle line of the glabella. 
The anterior pair of furrows are the shortest, the posterior 
the longest, the other two being intermediate in leneth. The 
anterior furrow starts from a point opposite the inner end 
of the facial ridge. The surface of the cranidium is covered 
with closely set tiny pits, not visible to the naked eye, and 
there are faint indications of parallel lines running across 
the part of the free cheeks in front of the facial ridge in a 
direction perpendicular to the facial ridge, such as are fre- 
quently found in other species of Liostracus and allied 
genera. 

Length of largest cranidium referred to this form, 
10 mm.; width at front of cephalon, 10 mm.; width at rear 
of cranidium, 15 mm.; length of glabella, 6 mm.; width of 
elabella at rear, 6 mm. 

Horizon, beds 86 and 91, in the upper part of the 
hicksi zone. Rare. 

The holotype is specimen 8023 in the paleontological 
collections of Princeton University. It is a small cranidium, 
being only 7 mm. in length, including the spine. It is 
chosen as the holotype because it is the only specimen now 
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in hand in which the spine is well shown. It is from bed 86. 
Other specimens referred to this form are numbered 8034, 
8035, and 8036. The measurements given above for the 
“largest cranidium” were taken from specimen 8035. 

The specific name refers to the spine, which distin- 
guishes the variety from Liostracus globiceps. 

This form appears to be certainly a variety of Liostra- 
cus globiceps Groénwall (1902, pp. 145, 146, 218, pl. IV, figs. 
12a, 12b). It seems to differ from that form only in the 
possession of a large neck spine. Gronwall describes and 
figures only a little spine on the neck ring of globiceps. 
Gronwall’s cephala seem to have been more convex than the 
specimens from Manuels, but, as the Manuels specimens are 
in shale, and probably somewhat flattened, it is not likely 
that the two forms differed in convexity in life. Gréonwa!! 
records globiceps from Bornholm Island, Denmark, prob- 
ably from the davidis zone. 
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EXPLANATION OF PLATE 3 
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. Agnostus longifrons Nichula® var. parvulus, n. var. 


BEDS AT MANUELS, NEWFOUNDLAND 
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Agnostus clare, n. sp. Holotype pygidium. 4/1. Bed 
23, in the upper part of the Paradoxides bennetti zone 
Princeton catalog number 8000 


. Agnostus barlowi Belt, var. definitus, n. var. Holotype 


pygidium. 4/1. Bed 23, in the upper part of the Para- 
doxides bennetti zone. Princeton catalog number 8001 


. Agnostus barlowi Belt, var. definitus, n. var. Cranidium 


referred to this form. 4/1. Bed 23, in the upper part 
of the Paradoxides bennetti zone. Princeton a 
number 80038 . x 


. Agnostus parvifrons Linnarsson, \ var. pene er he var. 


Holotype pygidium, top view. 4/1. Bed 101, in the 
lower part of the Paradoxides davidis zone. ’ Prince- 
ton catalog number 8004 . 


. Agnostus parvifrons Linnarsson, var. punctifer, n. var 


Side view of the ye whose top view is shown in 
1D Ze AU 


. Agnostus vaningeni, n. on Holeeype. peiotan 4/1. 


Bed 99, in the lower part of the Paradoxides davidis 
zone. Princeton catalog number 8011 rs 


. Agnostus longifrons Nicholas, var. parvulus, n. var. 


Holotype cranidium. 4/1. Bed 109, in the middle part 
of the Paradoxides davidis zone. Princeton catalog 
number 8014 


. 


Pygidium referred to this form. 4/1. Middle part of 
the Paradoxides davidis zone. Princeton catalog 
number 8017 .. . 


. Agnostus rectangularis, n. cape Holotype cranidium. 4/1. 


Upper part of the Paradoxides davidis zone. Prince- 
ton catalog number 8019 Pe em 

Conocoryphe bullata, n. sp. Holotype cranidium. 3/2. 
Bed 19, in the middle part of the Paradoxides bennetti 
zone. Princeton catalog number 8021 5 

Conocoryphe bullata, n. sp. Cranidium referred to this 
species. 2/1. Bed 19, in the middle part of the Para- 
doxides bennetti zone. Princeton catalog number 8026 

Paradoxides parvoculus, n. sp. Holotype cranidium. 1/1. 
Bed 28, in the upper part of the Paradoxides bennetti 
zone. Princeton catalog number 8027 . 

Paradowxides parvoculus, n. sp. Cranidium. 1/1. Uppet 
part of the Paradoxides bennetti zone. Princeton cat- 
alog number 8041 .. . 


. 


. Liostracus globiceps Grénwall, var. " jaculator, n. var. 


Holotype cranidium. 2/1. Bed 86, in the upper part 
of the Paradoxides hicksi zone. Princeton catalog 
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VII. CORRELATION 


Very few of the species of the Paradoxides faunas 
occur in any of the other known Cambrian faunas of the 
world; and none of those species are sufficiently diagnostic 
to enable us to use them with any confidence in close corre- 
lation. Therefore, although the Paradoxides beds and their 


fossils have been long known and much studied by geolo- 
gists and paleontologists, and have proved so easy to corre- 


late among themselves that it has been possible to make 
close comparisons of beds on opposite sides of the Atlantic, 
yet their exact age relationships with the other known 
faunas that are supposed to have existed in the world at 
about the same time are not well understood. 

For many years after their discovery the Paradoxides 
faunas were considered to be the oldest well developed 
faunas known. They were spoken of as the “first fauna” 
or “primordial fauna.” (Barrande, 1852; Murchison, 1872; 
Logan, 1866, in Murray and Howley, 1881, p. 49; Dawson, 
1868, p. 638; etc.). Later when the term ‘“‘Cambrian” came 
into general use, they were referred to as “Lower Cam- 
brian” (Walcott, 1884). Finally, when in 1888, it was dis- 
covered that the “Olenellus’” faunas really belonged below 
and not above them, the Paradoxides faunas were assigned 
to their present position in the Middle Cambrian (Walcott, 
1888b). 

In 1914 Professor vanIn¢en correlated the Paradoxides 
beds of Conception and Trinity bays, Newfoundland, includ- 
ing those at Manuels, with the “Acadian” division of the 
“St. John Group” of New Brunswick and the “Menevian 
and Solva” of Great Britain (vanIngen, 1914b). In the 
present unsettled condition of Cambiian nomenclature it 
seems wisest to refer to the beds of the Manuels series 
merely as “Cambrian Paradoxides beds,” without using the 
qualifying “Middle.” That the Paradoxides beds belong 
roughly in the middle, or what is now generally called the 
“Acadian,” portion of what we now know as the Cambrian 
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is possible, but they cannot be correlated definitely with any 
part of the Cambrian of the southern, central, or western 
parts of North America, or of Asia or Australia, and the 
base and, more especially, the summit of the Cambrian sys- 
tem are at present so undefined, and may yet be so shifted, 
that it seems quite possible that the Paradoxides beds may 
at some time in the future be called something quite differ- 
ent from “Middle Cambrian.” Indeed, Professor Charles 
Schuchert has proposed raising the ‘Middle Cambrian, 
Acadian, or Paradoxides epoch” to the rank of a period, the 
“Acadic Period” (Schuchert, 1910, pp. 520-522). 

In his great work, “Revision of the Paleozoic Systems,” 
Dr. E. O. Ulrich accepts the Middle Cambrian age of the 
Paradoxides beds, but objects to the assignment of the over- 
lying “Olenus” beds to the Upper Cambrian, stating reasons 
for his belief that they were formed much later, probably in 
“Canadian” time (Ulrich, 1911, pp. 621, 678-680). 

Whether the Paradoxides beds should be considered to 
include all of the Middle Cambrian of the Manuels Brook 
section is another question. The lowest of the overlying 
Agnostus pisiformis beds are certainly not Middle Cam- 
brian in the sense in which that term is usually used today, 
and the same can be said of the underlying beds containing 
Callavia broggeri. The age of the black shales which inter- 
vene between the highest known Paradoxides beds and the 
lowest known Aegnostus pisiformis horizon must remain in 
doubt until more is known about their fossils. The same 
is true of the beds lying between the lowest known Para- 
doxides beds and the highest beds in which Catadoxides 
magnificus has been found (see discussion of this question 
in Chapter IV, pp. 26, 27 ). The beds between the highest 
known Callavia horizon and the uppermost stratum in 
which Catadoxides magnificus is known to occur have been 
assigned to the Middle Cambrian by Dr. Walcott (1900a, 
pp. 315, 316; 1912, p. 140), and to the Lower Cambrian by 
Professor vanIngen (1914b). 

The Paradoxides faunas are so distinctive and char- 
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acteristic that they are generally easy to recognize and cor- 
relate with each other. Salter (1859) and Jackson (1859a) 
compared the first specimens of Paradoxides discovered in 
Newfoundland (examples of Paradoxides bennetti) with 
Paradoxides spinosus of Bohemia and Paradoxides harlani 
of Massachusetts. Billings, who studied the collections made 
by the Geological Survey of N ewfoundland, correlated the 
beds containing Paradoxides faunas there with “the Lower 
Lingula flags of Great Britain, or the Menevian Group of 
Salter and Hicks” (Billings, 1872, p. 470; 1874, p. 69) ; and 
Dawson (1873, p. 5) correlated them with the “Acadian 
Group” of New Brunswick, “the gold-bearing rocks of Nova 
Scotia,” “the slates of Braintree in Massachusetts,” and the 
“Menevian of Salter, Etage D of Barrande.” In his report 
of the progress of the Newfoundland Survey for 1868, 
Murray referred the Paradoxides beds at Manuels to the 
“Lower Silurian,” although he had found no fossils in them. 
Weston, who in 1874 made the first discovery of fossils at 
Manuels, correlated the beds containing them with the Para- 
doxides beds of New Bruhswick on the evidence of the first 
specimen he found (Weston, 1898, p. 153). The New 
Brunswick beds had been correlated in 1865 by C. F. Hartt 
and Dr. G. F. Matthew with the Paradoxides beds of Massa- 
chusetts, the Paradoxides bennetti beds of St. Mary’s Bay, 
Newfoundland, the Lingula flags of Great Britain, the 
“alum-schists” of Scandinavia, and “Etage C of Barrande in 
Bohemia” (Matt., 1865, p. 427). In 1878 Whiteaves also 
correlated the Manuels Paradoxides beds with the “St. 
John’s group” of New Brunswick (Whiteaves, 1878). In 
1881 Etheridge correlated the Menevian of Wales with “the 
St. John’s group in Newfoundland” (Etheridge, 1881, p. 
68). In 1884 Dr. C. D. Walcott (1884, p. 13) correlated 
these beds with the New Brunswick beds and with ‘the 
lower part of the Menevian, or possibly with portions of 
the Harlech and Longmynd group” of Great Britain. He 
pointed out the fact that the species then known to occur 
in the Paradoxides harlani beds of Braintree, Massachu- 
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setts, all appeared to be represented by very similar forms 
in Newfoundland (1884, p. 44). None of the Newfound- 
land species that he mentioned as comparable with the 
Braintree forms were then known to occur at Manuels, but 
most, or all, of them have since been found there. 

In 1885 Dr. Matthew stated that the fossils then known 
from the Paradoxides beds of Manuels Brook appeared to 
be of early Paradoxidian age, like those of the ‘‘Acadian”’ 
of St. John, New Brunswick, and the Solva of Great Britain 
(Matthew, 1885, pp. 121 and footnote, and 122). In the 
following year he referred the Manuels fossils to the “Hori- 
zon of the Conocoryphine,” the lowest Paradoxides horizon 
then known in Newfoundland (Matthew, 1886, p. 149) ; and 
two years later he correlated the ‘Shales of Manuel R.” 
with “Division” 1c of the “St. John Group” of Canada, the 
upper part of the “Upper Sparagmite formation—Etage 1b 
and c” of Norway, the upper part of the ‘‘Lower Paradoxi- 
des Beds” of Sweden, and doubtfully with the upper part 
of the “Solva group” of Great Britain (Matthew, 1888a, 
De 25) ; 

In 1888 and 1891 Dr. Walcott (1888b, p. 551; 1889a, 
pp. 3838, 386; 1891a, pp. 582, 583; 1891b, pp. 66, 360; 1891¢) 
correlated the Paradoxides beds at Manuels with those of 
New Brunswick, Massachusetts, and Great Britain. 

In 1890 Dr. Matthew (1890, p. 137) correlated the 
upper Paradoxides beds at Manuels with the Menevian of 
Wales, “Etage 1d” of Norway, and the ‘‘Upper Paradoxides 
Beds” of Sweden; and the two lower “zones” of the Para- 
doxides beds at Manuels with the ‘‘Lower Paradoxides Beds” 
of Sweden, a part of the “Upper Sparagmite-Etage 1c” 
of Norway, and a part of the Solva of Great Britain. In 
the following year he correlated the Newfoundland faunas 
with those in other parts of the world, as shown in table II 
(page 15 of the present paper). In 1896 he divided them 
into the following subzones: 
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3. “Subzone of P. davidis.” 
Be 2. “Subzone of P. abenacus” (doubtfully identified 
in Newfoundland). 
1. “Subzone of P. eteminicus.” 
and correlated these subzones with what he considered to 
be their equivalents in Massachusetts, New Brunswick, 


France, Spain, Bohemia, Sweden, Norway, and Wales (Mat- 
thew, 1896, pp. 193, 194). 


In 1897 Frech correlated the “Zone mit P. Davidis und 
Ptych. Linnarsoni Brégg.” at Manuels with the “Middle 
Menevian mit Par. davidis” of Wales, the zone of “Par. 
Davidis (Microdiscus u. Par. Tessini)”’ of Sweden, and the 
“Schiefer m. Par. rugulosus, Con. Sulzeri, Agnostus nudus” 
of Norway; and correlated the ‘‘Schichten mit Paradoxides 
Hicksi” at Manuels with the “Lower Menevian mit Par. 
Hicksi und aurora” of Wales, the zone of “Par. Tessini (u. 
Par. Hicksi, Ellips. granulatus, Conoc. exsulans, Ptych. Lin- 
narssoni, Agnostus rex)” of Sweden, the ‘‘Schiefer mit Par. 
Tessini” of Norway, and the “Sandstein mit Par. Tessini” 
of Sandomir, Poland (Frech, 1897, pp. 34-38). 

In 1899 Dr. Matthew (1899c, p. 67) subdivided the 
Paradoxides beds of Newfoundland and correlated them 
with beds in New Brunswick, as shown below (the notes 
in parenthesis refer to New Brunswick) : 

Horizon of Paradoxides davidis (unknown in New 
Brunswick). 

Horizon of Paradoxides tessini (—subzone of 
Paradoxides abenacus). 

Horizon of Paradoxides spinosus (—subzone of 
Paradoxides eteminicus). 

Horizon of the Conocoryphine (—subzone of 
Paradoxides eteminicus). 

In 1914 Professor vanIngen correlated the Manuels 
series with the “Acadian” of “N. E. America” and the 
Menevian and Solva of “Western Europe,” as mentioned 
above (vanIngen, 1914). A more detailed correlation table, 
drawn up by the writer, is shown in table V . 
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As far as can be told at the present time, the Para- 
doxides faunas of southeastern Newfoundland are more 
nearly related to those of New Brunswick, Massachusetts, 
Great Britain and Scandinavia, than to those of France, 
Bohemia, Poland and southern Europe. The fossils of the 
Paradoxides beds of Vermont will probably also prove to be 
closely related to those of Newfoundland, but they are at 
present too little known to make a satisfactory comparison 
possible (see pagero6). 

The succession of early Paleozoic faunas in southeast- 
ern Newfoundland, from the Lower Cambrian to the Lower 
Ordovician, appears to have been very much the same as it 
was in Massachusetts, New Brunswick, Great Britain, and 
Scandinavia, as is shown in table VII (p.101). Recent dis- 
coveries in Shropshire and Warwickshire, England, also 
indicate the presence there of “Callavia’” and “‘Protolenus” 
faunas very similar to those of southeastern Newfoundland 
(Cobbold, 1910; 1919; 1921; Illing, 1913; 1914a, 1916). 

One of the most interesting things about the Paradoxi- 
des fossils at Manuels is their very close resemblance to the 
contemporary fossils of Europe, in general, and of Great 
Britain, in particular. The number of identical or nearly 
identical species found at Manuels and in Europe, and the 
similarity of their ranges on the two sides of the Atlantic, 
are illustrated in table VI and on pages 117-132. What we 
know of the species occurring above and below the Para- 
doxides beds at Manuels, including those found in the beds 
of Kelly’s, Little Bell, and Great Bell Islands, in Conception 
Bay, indicates that they, too, are closely related to forms 
of the same age in Europe. Altogether, they and the fos- 
sils of the Paradoxides beds exhibit one of the most interest- 
ing examples known of a succession of very similar faunas 
on opposite sides of the Atlantic Ocean. 

The Paradoxides faunas of Scandinavia seem also to be 
very similar to those of Manuels, but they do not seem to 
show quite so close a resemblance as do those of Great Brit- 
ain. They are compared on pages 125-132. Interesting 
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SCANDINAVIA 


SOUTHEASTERN NEWFOUNDLAND . MASSACHUSETTS : NEW BRUNSWICK : GREAT BRITAIN 
"Arenig" faunas, with A :Faune or faunas characterized: Arenig faunas, with Didy~ 
Didymograptus, etc. . :by Didymograptus and Tetra- : mograptus ,Tetragraptus etc. 
: rgreptus (C 3 a). : 
"Premadoc” faunes, with Niobe, Hl aa }Fauas characterized by ;Premedoc and Upper Lingule 
Paraboline, Shumardia,Bryo~ : A :Ctenopyge, Parabolina,Bryo~ Flag faunes, with Niobe, 
graptus, snd Orusia lentioularia. : o Gos am Dictyonenm& ghumerdia, Bryogreptus, Parab- 
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Correlations might also be made between the Manuels 
faunas and those of Bohemia, Poland, France, and the 
Iberian Peninsula; but, as they can be made with much 
greater accuracy after the Paradoxides faunas of all of 
southeastern Newfoundland have been more thoroughly 
studied, they are not attempted in this paper. 

The great similarity between the Paradoxides faunas 
of North America and Europe naturally raises the question 
of mieration between the two regions. Did any or all of 
the faunas originate in one of these regions and migrate to 
the other; or did they come in from some outside source? 
If they came from outside, did they occupy one of the two 
regions for any appreciable period before advancing to the 
other ; or did they invade both regions quite, or nearly quite, 
simultaneously? These are difficult questions, most of which 
probably cannot be satisfactorily answered with the infor- 
mation now at hand. In the regions where the Paradoxides 
faunas and those which preceded them have been most care- 
fully and thoroughly studied, none has been found which 
can be said to have been the immediate ancestor of the 
earliest known Paradoxides assemblage. This indicates 
either that the first known Paradoxides faunas entered 
those regions from outside, or that, if they evolved in those 
regions, conditions at the time of their evolution and since 
have destroyed all records of their earlier stages. There are 
unconformities between the Paradoxides beds and the beds 
underlying them in some regions, but there is certainly no 
angular unconformity at the bottom of the Paradoxides beds 
at Manuels, and, as has been stated before, it is doubtful 
whether there is any well marked disconformity present. 

The first Paradoxides faunas seem to have come in with 
an advancing sea in most of the regions in which they have 
been found, and appear to have been followed by successive 
invasions of later and slightly different forms; for while the 
changes from one fauna to the next succeeding one are 
usually gradual, in the sense that old species slowly drop 
out as new ones come in and that some stems gradually 
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change in character, nevertheless, many entirely new types 
enter which could have had no antecedents in this region; 
so that there must certainly have been open an outside 
source of new life during most of known Paradoxidian time. 
In almost every section where any two of the three sets 
of faunas, the “‘Olenellus,” ‘“Paradoxides,” and “Olenus,” 
have been reported in the regions where Paradoxides is 
known to occur (Europe and northeastern North America) 
there are present either the ‘“Olenellus”’ and “‘Paradoxides,”’ 
“Olenellus,” “Paradoxides” and “Olenus,” or ‘‘Paradoxides”’ 
and “Olenus” faunas—very seldom the ‘“Olenellus” and 
“Olenus” faunas together without the “‘Paradoxides.” 

Probably the following tenative deductions are the ones 
which can most logically be drawn from the facts now at 
hand: 

1. No fauna immediately ancestral to the earliest 
known Paradoxides faunas has been found. The 
nearest ancestral faunas now known are probably 
those characterized by Catadoxides in south- 
eastern Newfoundland and by Metadoxides in 
Sardinia. 

2. The earliest known Paradoxides faunas probably 
invaded the regions where their remains are now 
found from some outside area, and the new types 
which distinguish the succeeding faunas also came 
in from the same or some other outside place or 
places, those after the earliest one being composed 
of a combination of these new types and sur- 
vivals and derivatives of the fauna or faunas 
which preceded them. Some or all of the ances- 
tors of the Paradoxides faunas may have devel- 
oped in the regions where Paradoxides is now 
found, but, if they did, no record of their presence 
there has been discovered. 

3. The migrations of the Paradoxides faunas over the 
European and northeastern North American 
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regions appear to have been mainly in the nature 
of direct invasions from some outside region. 

4. There is a great faunal break between the latest 
Paradoxides fauna and the next succeeding well- 
developed one at every known place where they 
occur. 

The similarities and differences betwen the Para- 

doxides faunas found at Manuels and other regions are 
roughly indicated in tables IV and V, and are briefly 


described under separate headings in the remaining part of 
this chapter. 


COMPARISON OF THE PARADOXIDES FAUNAS OF 
MANUELS WITH THOSE OF BRAINTREE, MASS. 


The Braintree fauna and the fauna of the lower 21 feet 
and 7 inches (beds 1-13) of the bennetti zone at Manuels, 
so far as they are known at the present time, are essentially 
alike. The two faunas are listed below, species which are 


known to be identical or very similar being placed opposite 
each other. The Braintree list is taken partly from Wal- 


cott (1884) and Grabau (1900). The Manuels list, like all 
the other lists of fossils from Manuels in this chapter, 
includes only species which the author has found at that 
locality. The numbers in parenthesis following the names 
of the species in the Manuels list indicate the particular 
beds of the lower 21 feet and 7 inches of the bennetti zone 
in which each species has been found. 
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It appears to be quite within the realms of possibility 
that true Paradoxides harlani occurs in the bennetti beds 
of Newfoundland, and that some or all of the known speci- 
mens of bennetti are to be referred to harlani, or that ben- 
netti 1s to be considered a variety of harlani. These possi- 
bilities have been considered by Jackson (1859a, 1859b), 
Rogers (1859), and Dr. Walcott (1884, p. 44). The ques- 
tion cannot be answered properly until an examination has 
been made of the type specimen or specimens of bennetti, 
which are in England. It will be dealt with further in a 
future paper, in which the bennetti and harlani faunas will 
be compared in detail. Paradoxides regina Matthew, of 
New Brunswick, is also closely related to harlani and ben- 
netti, as pointed out by Matthew (1888c, pp. 122, 123) and 
Grabau (1900, pp. 687-689). Paradoxides groomi Lap- 
worth (1891, p. 582, footnote) appears to be another very 
similar form. 

Whatever may be the relations of bennetti to harlani, 
the recognition of a bennetti fauna in the lower part of the 
Manuels Brook Paradoxides section and the close resem- 
blance of the lower “bennetti” sub-fauna to the harlani 
fauna make it possible for us to place the two definitely 
in their proper part of the North American Paradoxides 
section. If the “bennetti” of this lower sub-fauna, proves to 
be a distinct form, we shall be able to separate the lower 
sub-fauna as the “harlani’” sub-fauna or fauna. | 

Dr. Matthew (1887, p. 149) placed his “Horizon of P. 
spinosus” (the lower bennetti zone of the present paper) ~ 
above the “Horizon of the Conocoryphine” (the upper ben- 
netti zone of this paper) in his classification of the Para- 
doxides beds of Newfoundland; and Jules Marcou (1889, 
pp. 122, 123; 1890a, pp. 357, 368, 369; 1890b, pp. 83, 84), 
apparently on the strength of unpublished information fur- 
nished to him by Mr. Howley, stated that the Paradoxides 
bennetti beds were probably the oldest Paradoxides beds 
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known in Newfoundland; but he was not certain about the 
matter, and presented no satisfactory evidence in support 
of his views; and it was not until the bennetti fauna was 
recognized in the Manuels section that its exact strati- 
eraphic position became known. 

The presence at Braintree of an agnostid resembling 
Agnostus rex has not been previously recorded. A head of 
the rex type was found in Hayward’s quarry in that town 
by Professor P. E. Raymond and the writer in 1918. It is 
specimen 8042 in the paleontological collections of Prince- 
ton University. The counterpart of the head is in the Mu- 
seum of Comparative Zoology at Cambridge. 

The species Parmophorella acadia (Hartt), which was 
recorded from Braintree by Grabau (1900, pp. 625, 626), 
has not been included in the list of species found in the 
Paradoxides beds of Massachusetts because, after a com- 
parison of the very fragmentary specimen on which Dr. 
Grabau’s identification was based with examples of Acro- 
thele gamagei and with the type specimen of Parmophorella 
acadia, the writer belives that Dr. Grabau’s fossil is a valve 
of Acrothele gamagei, and almost certainly not a Parmo- 
phorella. 

It is an interesting fact that the shale holding the 
Paradoxides harlani fauna at Braintree is a hard, heavy- 
bedded, brown-weathering, gray rock, which seems to be 
very similar to the gray shales of the lower part of the 
bennetti zone at Manuels, except that it is harder and more 
heavily bedded. 


COMPARISON OF THE PARADOXIDES FAUNAS OF 
MANUELS WITH THE PARADOXIDES FAUNA 
OF VERMONT 


Very little has been published about the Paradoxides 
fauna of Vermont. Between 1886 and 1905 Dr. Walcott 
recorded the finding of a few fossils which may prove to 
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belong to this fauna (Walcott, 1887, p. 17; 1891b, p. 310; 
1898, pp. 404, 405; 1905, pp. 291, 292). In 1908 Dr. G. H. 
Perkins reported that some fossils collected by Mr. G. E. 
Edson of St. Albans had been referred by Dr. Walcott to 
the genera “Obolus, Lingulella, Hyolithes, Leperditia, 
Agnostus (two species), Agraulos, Menocephalus, Ptycho- 
paria (three species), Anomocare, Paradoxides” (Perkins, 
1908, pp. 208, 209). In 1910 Dr. Walcott identified the 
Paradoxides as Paradoxides harlani Green (Walcott, 1910, 
p. 254) ; and in 1912 he recorded two species of brachio- 
pods, “Obolus matinalis?” and “Hueneila vermontana,” from 
the beds holding this Paradoxides, and described and fig- 
ured two species of brachiopods (Lingulella franklinensis 
and Huenella billingsi) and recorded one species of trilobite 
(Ptychoparia adamsi) from beds in the same general region 
which he thought might be of “Middle Cambrian” age 
(Walcott, 1912). 

In the summer of 1922 the writer examined the beds in 
which Mr. Edson had found his fossils and other similar 
beds in northwestern Vermont which appeared to be of the 
same age, and collected several hundred fossils from them. 
The beds consist of dark shales and peculiar conglomerates 
whose “pebbles,” which are frequently sharply angular, are 
of all sizes from blocks many tons in weight to pieces no 
larger than a pea, and whose martrix is sometimes sand, 
sometimes shale, sometimes limestone, and sometimes a mix- 
ture of two or all of those materials. Fossils were found 
only in the dark shales and the “pebbles” of the conglom- 
erate. Most of them are trilobites, but there are also a few 
brachiopods. They are evidently Cambrian, but whether 
they are all of Paradoxidian age has not yet been deter- 
mined. One fragmentary trilobite cranidium was found 
that may be referable to Paradoxides harlani (specimen 
8043 in the Princeton paleontological collections), and sev- 
eral other fragments that are probably Paradoxides were 
collected. Some of the other specimens collected may also 
prove to be referable to species that are associated with 
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Paradoxides elsewhere than in Vermont. But the assem- 
blage, as a whole, is not like any of the Paradoxides faunas 
that have been described from any other region. The writer 
plans to make a more detailed study of these beds in the 
summer of 1925, in the hope of being able to learn more 
about their fossils. 


COMPARISON OF THE PARADOXIDES FAUNAS OF 
THE MANUELS BROOK SECTION WITH THOSE 
OF NEW BRUNSWICK AND CAPE BRETON 


Dr. Matthew has divided the Paradoxides beds of New 
Brunswick and Cape Breton into five zones, which he has 
designated as follows, from the highest downward (189° 
Da Zoo): 

C2 —Gray quartzites, flags and slates (Upper 
Paradoxides fauna). 

Cld2—Dark gray shales and limestone lentils 
(Dorypyge sub-fauna). 

C1d1—Dark eray shales (Paradoxides abenacus 
sub-fauna). 

C1c2—Gray shales (Paradoxides eteminicus sub- 


fauna). 
C1icl—Gray shales (Paradoxides lamellatus sub- 
fauna). 

The highest of these zones has been recognized only 
in Cape Breton. It appears to be correlatable with the 
“Paradoxides forchhammeri” zone of Scandinavia, which 
is not known to be represented in Newfoundland. The other 
four zones are probably included, in whole or in part, in 
the bennetti, hicksi, and possibly the lowest part of the 
davidis, zones of the Manuels Brook section. The “lamel- 
latus” and “eteminicus” zones are well developed only in 
New Brunswick. They appear to be correlatable with the 
bennetti beds at Manuels, but their fossils do not seem to 
be clearly distinguishable as two separate faunas there. 
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The trilobites and brachiopods of the faunas recorded 
by Dr. Matthew and by Dr. Walcott from the “lamellatus 
and “eteminicus” zones are compared below with the trilo- 
bites and brachiopods of the bennetti fauna of the Manuels 
Brook section, so far as that fauna is now known. Identical 
and similar species are placed opposite each other in the 
two lists. The horizon of each species in New Brunswick is 
_ indicated as it is recorded by Dr. Matthew (1893, pp. 113- 
119; 1904) “Clcl” indicating the “lamellatus’” zone, 
“C1c2” the “eteminicus” zone, and “Clc” either one or both 
of the two. The numbers following the names of the New- 
foundland species refer to the beds of the Manuels Brook 
section, as they are numbered in the present paper (pp. 
43-93). This and the other New Brunswick lists of the 
present chapter are made up from information contained 
in Dr. Matthew’s papers and Dr. Walcott’s monograph, 
“Cambrian Brachiopoda” (Walcott, 1912). 
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The trilobites and brachiopods of the faunas recorded 
by Dr. Matthew and Dr. Walcott from the “Paradoxides 
abenacus” and “Dorypyge” zones of New Brunswick are 
compared below with the known trilobites and brachiopods 
of the faunas of the hicksi zone of the Manuels Brook sec- 
tion. The presence in the “Dorypyge” zone of “Agnostus 
punctuosus var.” may indicate that some of that zone may 
lap over from hicksi into davidis time, as punctuosus is not 
known below the davidis zone at Manuels. The apparent 
absence of Paradoxides hicksi from New Brunswick is very 
remarkable, and appears to indicate that a part of the hicksi 
zone is lacking there. The horizons are indicated as in the 
former list. “Cld1” is the “Paradoxides abenacus” zone; 
“C1d2,” the “Dorypyge” zone. Where “C1d” is used it indi- 
cates that Dr. Matthew has not stated in which of the two 
zones the species occurs. 
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eG | PARADOXIDES SECTION Li7 


COMPARISON OF THE PARADOXIDES FAUNAS OF 
THE MANU"LS BROOK SECTION WITH THOSE 
OF GREAT BRITAIN 


The Paradoxides faunas of Great Britain are very 
remarkably similar to those of Manuels. In Great Britain, 
_ as at Manuels, they can be divided into bennetti, hicksi, and 
davidis faunas. The trilobites and brachiopods of the 
faunas of the two regions are compared below. Identical] 
and similar species are placed opposite each other in the 
two lists, as is done in the case of the other lists in this 
chapter. The lists of British species are probably not com- 
plete, but they are believed to include most, if not all, of the 


British forms that are identical with or very similar to the 
known Manuels species. Some of the British species may 
have been assigned to the wrong zones. It is sometimes 
difficult to decide whether a given form recorded in the 
literature has come from the hicksi or the davidis zone. 
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The detailed stratigraphic studies made by Mr. Illin 
on the Abbey Shales near Nuneaton, Ware ioncnive (Illing, 
1914b; 1916), by Mr. Cobbold on the beds of Shropshire 
(Cobbold, 1911; 1913a; 1913b; 1921), and by Mr. Nicholas 

-on those of Carnarvonshire (Nicholas, 1914; 1915; 1917), 
make possible a very detailed comparison of the trilobites 
of the Paradoxides faunas of those beds with the trilobites 
of the Paradoxides faunas at Manuels. The similarity of 
the ranges of the species of trilobites common to the Para 
doxides beds of Manuels and Hartshill Hayes, Warwick- 
shire, is shown in table VT (p1oo). An examination of this 
table will disclose the fact that not only are most of the 
species of these two widely separated resions the same, but 
their ranges are very nearly the same. Such a correspond- 
ence as this has probably seldom been equalled in all geo- 
logical time, and proves that England and Wales were in 
the same marine life province as southeastern Newfound- 
land in Paradoxidian times, and that there was 2 shallow 
water connection between them, through which the faunas 
could migrate. 


COMPARISON OF THE PARADOXIDES FAUNAS OF 
THE MANUELS BROOK SECTION WITH 
THOSE OF SCANDINAVIA 


The Paradoxides faunas of Scandinavia have been va- 
riously subdivided, but they can easily be grouped rouvh!yv 
into four main units, correspondine to the bennetti. hicksi. 
and davidis faunas, and a younger fauna. the Paradoxides 
forchhammeri fauna. which has not been recognized at 
Manuels. The bennetti. hicksi, and davidis faunas of Scar- 
dinavia are almost as much like those at Manuels as are the 
British ones. Their trilobites and brachionods are comnared 
with those at Manuels in the columns below. As the divi- 
sion lines between the bennetti and hicksi zones, the hicksi 
and davidis zones, and the davidis and forchhammeri zones 
have been drawn at somewhat different places by different 
students of the Scandinavian Paradoxides beds, it is not 
always possible to determine from the literature from which 
of these zones a species has come. and some of the Scan- 
dinavian species in the following lists may, therefore, he 
wrongly placed. 
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SUMMARY 


The Paradoxides beds at Manuels consist of 234 feet of 
hard, heavy-bedded greenish and bluish gray shales, with a 
few thin bands of light gray nodular limestone, overlaid by 
68 feet of softer, thinner-bedded, dark gray and black 
shales, with occasional nodules, lenses, and thin beds of dark 
gray limestone. These beds contain ereat numbers of excel- 
lently preserved fossils. The fossils can be grouped in three 
main faunas, which may be called, after their most char- 
acteristic species of Paradoxides, the Paradoxides bennetti, 
P. hicksi, and P. davidis faunas. The oldest of these faunas, 
characterized by Paradoxides bennetti, occupies the lower 
234 feet of the section. The next fauna, characterized by 
P. hicksi, occurs in the succeeding 37 feet. The third fauna, 
that of P. davidis, occupies the uppermost 31 feet. There 
is no sharp faunal break between any two of the three 
faunas, but each succeeding fauna differs from the one 
before it, because of the many new types introduced, as well 
as because of the dropping out of many of the old forms. 

The lowest Paradoxides fauna is very different from 
the “Metadoxides magnificus” fauna found next below it. 
Some 10 feet of barren manganiferous shales intervene 
between the beds containing the two faunas, but it seems 
doubtful whether there exists any distinct stratigraphic 
break. The beds that immediately overlie the highest bed 
in which Paradoxides has been found are black shales which 
have yielded no good index fossils, so that their age is not 
known. They are succeeded by black shales containing 
Agnostus pisiformis, Agnostus pisiformis obesus, and other 
fossils characteristic of an ‘“Olenus” fauna. 

The Paradoxides faunas at Manuels may be closely cor- 
related with those of Massachusetts, New Brunswick, and 
northwestern Europe. Faunas very similar to the bennetti 
fauna found at Manuels are known at Braintree (Massachu- 
setts), near St. John (New Brunswick), in Great Britain, 
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and in Scandinavia; and slightly different, but closely 
related, faunas occur in southern France and the Spanish 
peninsula. Faunas very much like the hicksi fauna found 
at Manuels are known in Great Britain and Scandinavia, 
and a closely related fauna occurs in New Brunswick. 
Faunas very remarkably similar to the davidis fauna found 
at Manuels are known in Great Britain, Scandinavia, and 
Bohemia. 

The close similarity between the Paradoxides faunas 
found at Manuels and those occurring in northwestern 
Europe is most remarkable, and has probably seldom been 
paralleled in all geological time. It proves that there must 
have been an open and easy marine highway between north- 
eastern North America and northwestern Europe during 
most of known Paradoxidian time. 
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